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F Events. 


MARCH 15. 
West Yorkshire Metallurgical Society. Discussion on 


Analytical Methods, at Bradford. 
Institute of Metals (Swansea Local 
discussion, at Swansea. 


MARCH 17. 

Sheffield Society of Engineers and Meta!lurgists :~—Ordinary 
meeting at Sheffield. “* Fuel—the Problems of its Con- 
sidered Use,’ Paver by Professor H. Armstrong. 

Tustitution of Welding Engineers : —Lecture in’ London. 

‘Steel, its Properties and their Relation to Welding,” 
Paper by Professor F. C. Thompson, B.Sc., D.Met. 


MARCH 18. 
1effield. Structure and Toughness.’ 
lates of Metals (Birmingham | Local Section) : 
meeting at Birmingham. “ Brittle 
Brasses,”” Paper by D. Bunting, M.Sc. 
MARCH 20. 
Staffordshire Iron and Steel Jnstitute : 
at Birmingham. 
Institute of Metals (London Local Section) 


in London. 

MAROR 21. 
Foundrymen (Sheffield Branch) : - 
Paper by Major A. Rhydderch. 


Section). General 


discussion at 


Ordinary 
Ranges in the 


Ordinary meeting 
: Open discussion 


Institute of British 
Moulding Sands,” 
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Tolerances in Chemical sittin 


Mr. (. H. Ridsdale, in a Paper presented to a 
joint meeting of several technical bodies, referred 
at some length to the fact that the co-operators 
in the British Chemical Standards Movement 
believed that it would be useful to manufacturers 
and users of steel, cast-iron, etc., to have a defi- 
nite opinion expressed as to the limits of accuracy 
of analytical methods usually encountered in 
practice as indicated by differences found amongst 
the results obtained by qualified chemists working 
on the same sample, since these represented fairly 
the limits of difference which should be accepted. 
It was further considered that the rejection of 
steel or cast iron was not warranted on chemical 
analysis alone, merely because the result found for 
a constituent differed from the round figure speci- 
fied by an amount within the tolerances so 
obtained, 

The object of this is to prevent the rejection of 
material specified to contain, say, 0.05 per cent. 
sulphur maximum when sellers’ chemist 
reports 0.049 per cent. and the buyers’ analyst 
0.054 per cent., even though a referee chemist 
confirmed the buyer. This seems quite reasonable. 
but no differentiation has been established between 
cast iron and steel, and we suggest that insuffi- 
cient thought has been given to the former alloy. 
We assert that it is easier to return a correct 
chemical analysis of a sample of cast iron than 
it is to ensure that the sample worked upon repre- 
sents the casting or especially the batch of cast 
ings to which it is supposed to relate. It is highly 
satisfactory to note that most modern specifica- 
tions for cast iron do not insist upon the supplier 
meeting a chemical analysis, but such specifica- 
tions do exist. Ingot moulds for steel manu- 
facture, usually carry a maximum sulphur and 
phosphorus-content — specification, because when 
scrapped they are used to replace hematite pig- 
iron in the open-hearth furnace. Additionally. 
phosphorus is held to be detrimental, as it causes 
the ingot to stick to the mould. Some also assert 
that high sulphur renders the mould brittle when 
hot, and quite often rough treatment is then 
given. It is exceedingly difficult at the present 
time to keep within the limits specified, as so few 
pig-irows are available which can be relied upon 
to keep sufficiently beneath the maximum to © fill 
the bill.’ Instead of using a tolerance. which 
should, if anything, be higher than that proposed 
for steel, we suggest that as the steelworks buy 
large quantities of hematite they should supply 
the iron from which the ingot moulds are to be 
made; and as they often are very familiar with 
the quality of coke they should either specify or 
supply this material. Unless the toundryman 
makes either a semi-steel cast-iron mixture or 
utilises a desulphurising process we fail to sec 
how he can meet, by buying irons in the ordinary 
way, the existing steelworks’ specifications for 
ingot moulds. Tolerances for chemical composi- 
tion are also an essential in this case, for we 
believe that owing to the presence of large quan- 
tities of carbon and silicon the determination of 
both sulphur and phosphorus is very much more 
difficult. The evolution process for sulphur will! 
usually return a lower figure than the gravi- 
metric method, and before any tolerance is fixed 
the general method of analysis should le avreed 
upon 
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Correspondence. 


[We accept no responsibility for the statements made 

or the opinions expressed by our correspondents. | 
British Cast-Iron Research Association. 
To the Editor of Tae Founpry Trane Journan. 

Sir,—With reference to the leading article in 
your issue dated February 28, the Executive and 
Research Committees of the British Cast Lron 
Research Association fully appreciate the import- 
ance of fundamental research work and the desira- 
bility of differentiating between the pursuit ol 
fundamental research and the solution of day-to- 
day problems. 

The Association, like several other research 
associations, finds attention to a limited number 
ot problems useful in enabling touch to be main- 
tained with current practice, and the data thereby 
obtained is invaluable in assisting the deter- 
mination of research policy. 

Serious and definite research on three basic 
problems is going forward, and the work involves 
fundamental research, particularly that on 
shrinkages and draws. These researches have for 
their objective the solution of problems of imme- 
diate importance to the cast-iron industry. The 
extent to which they can be increased depends 
entirely upon the funds available, which in turn 
depend upon members. Research investigations 
take such time to mature that it is doubly unfor- 
tunate that any prospective members should await 
the production of research results before joining, 
since not only is their subscription not available 
for current work, but the Government grant on 
the pound-for-pound basis is also lost. 

The thanks of the Association are due to you 
for the interest shown in its work, and T am glad 
to have the opportunity of explaining to your 
readers that the type of research work which is 
suggested is already in hand, and will be extended 
as tast as financial considerations permit. 

H. B. Weeks, 
Chairman of Council. 


Obituary. 


Mr. J. O. Brerrevy, of J. O. Brettell & Co., struc 
tural engineers, of Worcester, died recently, aged 
eighty-one. 

Mr. T. Guist, the late foundry manager of Hardy 
& Padmore, Worcester, who has died at the age of 
79, had the remarkable record of being with the firm 
for as long as 59 years. 

Mr. H. G. Cooiry died at his residence, 40, Ken- 
wood Road, Sharrow, Sheffield, on February 28, aged 
76. He was a former secretary of the firm of Vickers, 
Limited. retiring in 1900. 

Mr. C. Rennotpson, the well-known Tyne ship- 
huilder, died at his residence in South Shields on 
March 4. Mr. Rennoldson, who was in his sixty- 
seventh year, was proprietor of the Lawe Shipyard, 
South Shields, and was a grandson of George Rennold- 
son, who a century and a-quarter ago founded the 
engineering works in Wapping Street, which have 
carried the family name up to the present time. With 
the late Alderman J. M. Rennoldson, he became joint 
owner of the engineering works in 1878, on the death 
of his father. 


Gazette. 


‘THE PARTNERSHIP heretofore subsisting between 
Messrs. W. Newsham and C. Ryden, carrying on busi- 
ness as brass and ironfounders, at Edward Street. Lan- 
caster, under the style of the Rex Brass & Iron Foun- 
dry, has been dissolved. Mr. W. Newsham will carry 
on the business. 

In THE Cuancery Division on February 29, counsel 
for Messrs. F. C. Woodliffe and D. R. Prosser moved 
for the appointment of a receiver and manager of the 
Landore Zine Works, Swansea. Counsel said that 
plaintifis held a debenture for £2.000 payable on 
demand. They had served their demand, and the 
company had ceased to carry on business. Plaintiffs 
desired to sell the business as a going concern and 
restore the works. Mr. Justice Tomlin made an order 
appointing a receiver, but said that plaintiffs must 
apply in Chambers for the appointment of a 


manager. 


Personal. 


Mr. Francis ALGERNON GoveTT has been elected 
a director of the British Metal Corporation, Limited. 

Cotonet E. W. R. Pinxey anp Mr. G. P. Denton 
have been elected to the board of Swan, Hunter & 
Wigham-Richardson, Limited. 

Mr. J. J. Rive, director of Wm. H. Muller & 
Company (London), Limited, has been invested an 
Officer of the Order of the House of Orange. 

Mr. Hurron, who has for about 25 years been 
engaged in the internal-combustion engine industry 
with such firms as Vickers, Limited, Crossley Bros., 
the British Westinghouse Company, Harland & Wolff. 
and the Keighley Gas and Oil Engine Company, has 
just joined Vickers-Petters, Limited, as _ chief 
engineer. 

Mr. E. Lowrnuer, chief goods manager of the Great 
Western Railway, having reached the normal age limit. 
has retired, and the directors have appointed Mr. E. 
Ford, deputy-chef goods manager, to succeed him. 
Mr. J. H. Vickery. chief dock manager, has also 
resigned. A successor has not been appointed, put 
at the request of the board Mr. Lowther has consented 
to supervise the working of the G.W.R. docks depart 
ment for a short period. Mr. A. Maynard, assistant 
to the chief goods manager and development agent. 
has heen appointed assistant chief goods manager and 
development agent; and Mr. O. Bassage, district goods 
manager. Bristol, will be general assistant to the chief 
goods manager. Other appointments are Mr. F. W. 
Tyler. Irish traffic manager, Dublin, to be district 
goods manager, Bristol: and Mr. E. W. Mauger, 
assistant district goods manager, Birmingham, to he 
Trish traffic manager, Dublin. Mr. Roger T. Smith 
electrical engmeer. G.W.R., is also retiring. The 
electrical engineering department will now be merged 
into the chief mechanical engineers’ department at 
Swindon, which will in future deal with all matters 
concerning electrification and electrical equipment. 
Mr. J. R. W. Grainge. the present assistant to the 
electrical engineer, has been appointed electrical 
assistant to the chief mechanical engineer. 


Wills. 
MacGrecor, W. Y., son of the late Johp 
MacGregor, shipbuilder, Glasgow ........ £27,188 
icpGER, J. L., founder of John Gudger & 
Son, metal brokers, Stalybridge ...... £1,219 


Harrison, J. S., late of the Birmingham 

Metal and Munitions Company, 

£31087 
Fett, J. C.. founder of the business of 

James C. Fell, Limited, Oxford Tron 

Works. Guidebridge, and chairman of 

the Denton Colliery Company, Limited £25,610 


Catalogues Received. 

Power-Transmission Machinery. We have 
received from Messrs. Crofts (Engineers), Limited, 
of Bradford, an interesting booklet of nearly 150 
pages dealing with many types of plant tor power 
transmission, such as head shafts, line shafts, 
transmission shafts and couplings. The book con- 
tains a wealth of technical information relative to 
the subject. We understand that it is now avail- 
able for distribution to responsible applicants. 
It is of special interest for consulting engineers. 
draughtsmen, works mill managers and mechanical 
engineers, 


Institute of British Foundrymen (London 
Branch). 


Lecture Date Changed. 

Because of the meeting of the General Council in 
London, the date of the ordinary general meeting jas 
been changed from Saturday, March 29, to Thursday, 
March 27. The lecturer is to be Mr. J. F. Kayser, 
of Sheffield, who will give an address on the various 
tools used in foundry work. ‘This aspect has 1ever 
been previously dealt with, and an invitation is ex- 
tended to any engineer interested. The meeting is 
to be held at the Institute of Marine Engineers at 
8 p.m. 


AMERICAN FOUNDRYMEN’S AssociaTiON.—The twenty- 
eight Annual Convention of the American Foundry- 
men’s Association will be held in Milwaukee, Wis., 
the week of October 14. It is proposed to hold a four- 
day meeting, Monday to Thursday inclusive, with the 
exhibits opening on the preceding Saturday, as at 
Cleveland last year. making Milwaukee Day. 
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Metallurgical Control in Automobile Foundry 
Practice. * 


By A. Harley, M.L.Brit.F. 


Modern Conditions and Tendencies. 

In recent years the author has been much 
impressed by the fact that the scope of the foundry 
is being seriously curtailed by other methods of 
manufacture. The engineer is inclined to look 
upon the foundry as a necessary evil. He scems to 
have a distrust of cast metal, particularly castings 
made in sand. One cannot be blind to the fact 
that stampings are preferred to malleable iron or 
steel castings, and are introduced wherever pos- 
sible. This attitude of the engineer may be quite 
justified, but foundrymen must do their best to 
establish more confidence in our work. 

Even on the non-ferrous side, brass pressings are 
displacing castings to a considerable extent, and 
in aluminium alloys, die castings are displacing 
the sand-cast article. It is not so much cheapness 
(although some of these processes are competing 
seriously with the foundry even on this count), but 
reliability that the engineer is after. In fact, the 
word “ reliability ’’ hardly covers all that he wants. 
In a Paper published a few years ago an auto- 
mobile engineer summarised his requirements for 
castings to be as follows:— 

(1) Produced to close physical specifications; (2) 
of high physical properties; (3) sound and free 
from defects in all parts; (4) correct to size and 
shape, having a fine surface finish—preferably pro- 
duced in permanent moulds; (5) produced at low 
cost; (6) having the properties of the steels by so 
arranging the casting conditions that the impuri- 
ties are rendered inert or non-existent; (7) pro- 
duced in light alloys having strength and other 
properties approximating to those of steel; (8) 
produced in light alloys, but with bearing or other 
surfaces possessing special properties suitable to 
the needs of the design, obtained by casting in, 
chilling, or local hammering; (9) produced by die 
casting processes close to size in order to eliminate 
machine work; and (10) having special properties 
for special purposes. 

On behalf of the foundry, the author submits, 
by way of reply, the following points to the 
engineer and designer for his consideration : —(1) 
That the physical tests specified shall have some 
relation to the actual service the casting has to 
perform; (2) that the strength of a casting is 
seldom represented by the strength of the test 
bar, either ‘‘ cast on” or separate; (3) that all! 
cores should have some visible means of support; 
(4) that failure in service is due more often to 
bad design than bad metal; (5) ease of machining 
is not necessarily the hall-mark of excellence in a 
casting; and (6) if an error is made in machining. 
the casting should not be carefully re-examined 
for foundry defects. 

In the past there is no doubt that foundries have 
not been built, equipped and staffed to meet the 
demands that have been made upon them. At the 
same time, it is really amazing to find what has 
been accomplished in some old foundries. This 
refers particularly to jobbing foundries, and the 
results were due chiefly to the high skill and accu- 
mulated practical experience of the individual 
moulder. In the quantity production of motor 
castings, however, this type of man does not find 
the scope he requires. Uniformity of production, 
not only in quality, but quantity, has brought 
about an organisation resembling more or less a 
machine shop. At the Daimler concern, the 
foundry, which is only part of a large organisation, 
has to work to a schedule, and this comprises 
hundreds of patterns, with a definite quantity to 
be delivered from each every week, if not every 
day. Failure to maintain these deliveries causes 
serious dislocation throughout the entire works. 
There are obvious reasons also why it is unwise 
for the production of castings to be much ahead 
of the machining. With all its precautions the 


* A Paper presented to the Sheffield Branch of the Institute 
of British Foundrymen, Mr, J. Shaw presiding 


foundry is still quite capable of making bad cast- 
ings. Much has yet to be done, but the organisa- 
tion should be capable of preventing trouble 
reaching that epidemic stage which every foundry- 
man dreads. 

To meet these conditions, therefore, the foundry 
has developed along certain lines, and these may 
be stated briefly as follows :— 

The laboratory and pattern shop are vital and 
integral parts of the organisation. While their 
responsibilities should be clearly defined, their 
activities should be under one control, that of the 
foundry manager. 

The pattern-shop foreman is a very important 
man. He is responsible for the dimensional accu- 
racy of all castings, and supplies all the jigs and 
gauges required in the foundry. He is also the 
link with the drawing office, and must convey 
foundry ideas as to the method of moulding, and 
secure any modifications of the design which will 
facilitate production. 

The laboratory, of course, checks all raw 
materials received and the castings produced, to 
see if they are up to specification. The author has 
found it convenient also to make a chemist 
responsible for keeping the standard furnace mix- 
tures correct, but not for the working of the 
furnace. Al] melting, moulding and coremaking 
should be under the foundry foreman. 


Organisation of Labour Conditions. 

Personally, the author encourages both pattern- 
shop and laboratory staff to take an interest in 
the foundry part of the job. The knowledge they 
acquire gives them a better grasp of their own 
side of the business, its exact relative importance, 
and in the case of the chemist, he learns how 
scientific data should be applied in practical 
production. 

Practically all the Daimler castings are machine- 
moulded, The machine is of the pneumatic jarring 
type. The compressed-air piping is carried over- 
head, as leakages are more quickly discovered. 
The bulk of the labour employed is what is known 
as semi-skilled. The conditions render necessary 
a considerable sub-division of this labour; for 
example, the moulder does not assemble his boxes, 
nor does he make his cores. Moreover, separate 
men do the casting. Even in coremaking there is 
a certain amount of sub-division. There are 
special men who make all the core wires, whilst 
others do any jointing that is required. It is the 
same with fettling The operations of sand- 
blasting, cutting off the gits and runners, bobbing 
and dressing are performed by different men. 
This sub-division of labour means a system of 
inspection which rather resembles machine shop 
practice; for example, every core made is passed 
into stores after drying. In these stores the cores 
are carefully inspected and important cores are 
checked with special gauges for dimensional accu- 
racy. Accurate records are also kept of all cores 
rejected, by whom made, and of all issues. 

Practically all these castings are machined to 
jigs, which constitutes another reason for precau- 
tions to ensure accuracy. Another feature which 
has to be considered is the question of machining 
speed, and this is a point which has its influence 
on metallurgical practice. 

The standardisation of machining speeds in con- 
junction with piece work or bonus system of pay- 
ment, calls for uniformity from day to day in the 
physical condition of the metal in the castings. 
The desire of the engineer to increase machining 
speeds is one which the foundry must support in 
principle. There is a danger, however, that cast- 
ings may be seriously stressed by excessive speeds. 
This applies particularly to cast iron of a hard, 
brittle nature. Such castings, if the design is at 
all complicated, may already possess latent strains 
Fine cracks may be caused in this way, and these 
are not easily detected unless the casting happens 
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to be one which is tested under water pressure, 
such as a cylinder. Instances have been found 
where very close-grained metal has failed under 
the pressure test, and comparatively open-grained, 
but tougher iron, has withstood same. 


Cast Iron. 

With regard to the melting of cast iron, the 
cupola, in spite of its limitations, is still supreme. 
The great virtue of the cupola is that it can pro- 
duce hot molten metal cheaply and continuously. 
lts great defect is that it is impossible rigidly to 
control the total carbon and sulphur. The per- 
centages of these increase during the melting 
operation, and, generally speaking, the author 
would desire a reduction in the amount of these 
elements. In regard to tuyeres, he has come to 
the definite conclusion that one row is best. 

The question of the most suitable metal for auto- 
mobile cylinders is very important. Much has 
been written on this matter, and the general prac- 
tice is to produce close-grained iron of approxi- 
mately the following composition: —T.C, 3 to 3.5; 
Si, 1.5 to 2.0; P, 0.8 to 1.0; S, 0.12 maximum; 
and Mn, about 1.0 per cent. 

These figures are to be taken with reserve, as 
so much depends upon the type and design. This 
kind of metal is in favour because it gives a 
higher tensile and transverse test, and is sup- 
posed to give a good surface when machined, with 
good wearing qualities. There is one quality in 
cast iron, however, which is usually absent from 


Fic, 1.—Micsostructure oF PxHospHoric 
AND Non-PHospHoric CYLINDER IRon. 


metal of this composition, and it is a property of 
cast iron to which the author associates much 
importance. For the want of a better term he 
calls this the quality of toughness. If a bar of 
close-grained high-grade cylinder pig-iron and a 
bar of open-grained soft hematite pig-iron are 
broken with a sledge-hammer, what is found? 
The former breaks easily, and the latter does not. 
Is this quality of toughness or resistance to shock 
negligible? It is not thought so. To what is it 
due? Obviously, it must be due to the low-phos- 
phorus content, and this toughness is retained 
in spite of large graphite plates. It may be 
objected at once that phosphorus is essential to 
obtain the necessary fluidity required in running 
a large automobile cylinder, where the sections 
are, in some cases, exceedingly thin. The answer 
to this is that phosphorus is not necessary, pro- 
vided the metal is sufficiently hot. 

A possible second objection that may be raised is 
the expense of hematite pig-iron; but, as a matter 
of fact, hematite iron is usually cheaper than the 
special brands of phosphoric iron sold fur cylinder 
work. A third objection may be the interior 
wearing qualities of the low-phosphoric iron, owing 
to the structure being comparatively more open. 
However, the author has not known of any exces- 
sive wear taking place with such metal, although 
he has made tens of thousands of cylinders, and 
hundreds of thousands of other castings which are 
subjected to the same wear as a cylinder barrel. 

In fact, he is rather changing his views in regard 
to cast iron for this class of work, From the fore- 


going it will be concluded that he has not :nuch 
use for phosphorus in cylinder work, ind he 1s 
rather inclined to stipulate the same >2onditions 
for sulphur. Apparently, many of the difficulties 
with cast iron arise from its complex composition. 
Conversely, the author is of the opinion that many 
of these difficulties would be overcome if its com- 
position could be simplified by eliminating as far 
as possible phosphorus and sulphur. It would take 
much to convince the author that the compounds 
which these elements form in cast iron are really 
beneficial. With cupola melting one cannot, of 
course, eliminate sulphur, but it is thought that 
the electric furnace will play its part in the pro- 
duction of metal free from this impurity. Further, 
with the aid of the electric furnace, qualities will 
be imparted to cast iron which will widen the 
value of its usefulness, and what is equally 
important, make it a much more reliable material 
for the engineering industry than it is at present. 

With the manipulation of the elements remain- 
ing, that is, carbon, silicon, and manganese, most 
of the desired qualities can be obtained, but in 
this connection it is not forgotten the possibilities 
opened out by the introduction of special elements, 
such as chromium, to impart special and particular 
properties, 

Both high and low phosphoric irons are used by 
the author for cylinder work. The former is chiefly 
employed in the production of motor-cycle 
cylinders. Figs. 1 and 2 show the microstructure 
of these two irons, and the analysis of each. 


Now - ProsProric 


PrHosPHoric 
IRON 


x 400. 


Fie. 2. 


In engineering castings, the speed at which a 
casting can be machined is a very important factor 
in production that requires consideration. If 
hardness is essential, there is no help for it, but 
if not essential it appears to be uneconomical to 
employ hard metal. The foundryman, as well as 
the engineer, must study the actual service which 
the castings have to perform. With this informa- 
tion, his metallurgical knowledge would be of 
immense value, both on matters of design and 
the kind of metal that would be most suitable. 
There is another point in production which should 
be mentioned also, and this is a purely foundry 
consideration. A low-phosphoric metal does not 
“draw”? to the same extent. Percentages from 
0.8 down to about 0.4 are often recommended, the 
object being to strike a happy medium. In other 
words, to reduce the quality of brittleness which 
phosphorus imparts, but to have sufficient present 
to obtain fluidity. These medium percentages are 
not good for cylinder work unless very special pre- 
cautions are taken to prevent “drawing.” On 
the other hand, many of the troubles are entirely 
eliminated by reducing down to 0.15 per cent. or 
under. 

It is common knowledge that the transverse and 
tensile strength of this low-phosphoric iron could 
be increased by lowering the total carbon. In 
certain classes of work this is necessary, and very 
fine iron it is, combining strength and toughness 
but the chilling of corners or light projections, 
particularly where the metal may become stagnant. 
has to be guarded against. 7 
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Semi-Steel. 

This metal is being referred to as semi-steel, 
because oue can never be quite sure what the latest 
name is. The old term is good enough for the author. 
Many important motor castings are made in this 
metal. The author has not developed the cupola- 
mixed metal very much. The Daimler concern has 
several different metals going through the furnace 
each day, and the conditions, therefore, are not 
very favourable for the uniform production of 
cupola-melted semi-steel. The molten steel is added 
to the molten iron in the ladle, and it has been 
found that 20 per cent. gives about the best all- 
round results. Above this percentage the very 
fluid slag, formed on the surface of the metal, is 
rather pronounced, and this slag is a danger to 
clean work. Semi-steel made in this manner has 
very fine physica] properties. The castings pro- 
duced are definitely uniform, and there have been 
remarkably few returns from the machine shop. 
It has been noticed, however, that this metal is 
rather susceptible to chill. Semi-steel 1s simpty 
an attempt to improve the quality of cast iron, 
and if proper care is exercised its use by the 
engineer will become more widespread. For this 
purpose also low-phosphorus iron is preferable, as 
the high-tensile strength is associated with real 
toughness. Fig. 3 shows the effect of varying steel 
additions on the physical properties. 


Malleable Iron. 


As to the unsuitability of malleable iron for 
automobile castings there is, in the author’s 
opinion, no question. It is a fact that this 
material is not considered reliable by the auto- 
mobile engineer, and the process of production 
very often means vexatious delay in deliveries. 
Castings are often too hard to machine, and pain- 
fully lacking in the ductility and toughness which 
enables the part to withstand shock. 

There is no doubt that American practice has 
made great strides in this industry. Is this partly 
due to the use of metal which is radically different 
in composition from ours, or simply to improve- 
ments in the methods of manufacture? With 
British high-sulphur iron the process of annealing 
is really very difficult. With thin sections, and 
with everything carried out properly, it is realised 
that very fine metal can be produced, but with 
sections of 3 in. and over it is hardly possible to 
anneal the metal thoroughly throughout. With 
thick sections it is only by raising the silicon that 
the structure can be broken down at all readily, 
but good malleable iron is not thus produced. 
There is one peculiar feature about malleable of 
which the author has had experience, and which 
was referred to in Tue Founpry Trade JourNAL 
quite recently. In a Paper issued by the American 
Bureau of Standards entitled ‘‘ Embrittlement of 
Malleable Cast Iron Resulting from Heat Treat- 
ment ”’ it was stated that when the iron was 
heated to within a critical range of between 250 
to 480 deg. C., and then quenched or cooled 
rapidly, the metal became brittle. It was also 
found that if the iron was heated to a temperature 
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Fic. 3.—InFivence or Street ApDpDITIONS 
ON THE GRAPHITE STRUCTURE OF SEMI- 
Steet Cast Iron. 


of 110 deg. above the critical range and quenched 
from that temperature, it was more resistant to 
shock, and also rendered immune to embrittlement 
as a result of subsequent reheating to within the 
critical range. 

This phenomena came to the author’s notice 
many years ago when engaged in the production of 


malleable castings, although he was not aware of 
the method of heat treatment by which the metal 
could be rendered immune. He is still inclined to 
doubt whether this immunity would be permanent. 
What he did find out, however, was that the com- 
position of the metal had an important bearing on 
the matter. Putting it very briefly, easily annealed 
metal, i.e., metal with the silicon fairly high, was 
liable to embrittlement in this manner. Metal low 
in silicon, properly annealed, was not. 


U.S. YIELD.I H. Imp. Batch 
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Fic. 4.—MIcROPHOTOGRAPHS AND 
MecuanicaL Test From Con- 
VERTER STEEL. 


As most foundrymen are aware, malleable cast- 
ings are largely used in the production of motor- 
cycles and ordinary cycles. Many of these castings 
have to be brazed on to the differevt parts of the 
frame. During this operation they are heated to 
about the critical temperature, and then thrown 
on the floor to cool. If the metal happens to be 
the high silicon variety embrittlement ensues if 
the cooling is rapid. Many cases of failure in 
service could be traced to this cause. It was 
rather interesting to find that American ‘ Black- 
heart’ malleable was also subject to deterioration 
under the conditions described. 


Table I shows the mechanical tests of samples of 
English Blackheart and English Reaumur 
malleable iron. 


Tasie I.—Mechanical Strength of English Blackheart and 
English Reaumur. 


| T.C. | C.C. | Si. 8. | Mn. 
"2.57 2. 0.66 0.034 O11 0.40 
B 2.60 | Tr. 2. 0.62 0.038 0.11 0.39 
Cc 2.33 0.85 Be 0.67 0.42 0.059 Tr. 
D 2.20 | 0.86 1. 0.65 0.44 0.066 Tr. 
M.S. | R.A.% H. Imp. 
- A 13.93 11.70 5.0 10.75 131 TO 
B 15.90 12.09 13.39 11.64 90 6.5 
Cc 22.60 — — — 156 2 
D 25.77 17.0 8.93 3.64 156 1 
Samples A and B are Blackheart, and C and D Reaumur. 
Cast Steel. 


The production of good steel castings is perhaps 
the most difficult branch of the foundry trade, 
owing to the high temperature of the metal and 
its comparatively high shrinkage. The average 
composition of the steel is as follows:—C, 0.2 to 
0.25; Si, 0.2 to 0.3; S, 0.05 maximum: P, 00% 
maximum; and Mn, 0.4 to 0.6 per cent. 

The furnace used at the Daimler foundry is the 
Stock converter of.12 ewts. capacity, in which the 
melting is carried out in the same vessel as the 
conversion. Whilst the experience of users have 
somewhat varied, in this foundry it has given 
great satisfaction, producing metal of regular 
composition and ample fluidity for pouring light 
work. With this type of furnace the vessels are 
easily and quickly changed. During the last year 
or two the use of the special fire brick lining has 
been discontinued, and a semi-plastic ganister, 
which is rammed in, is now used, and which, while 
costing less, gives more heats per lining. Fig. 4 
shows a sample of converter steel and its tests, 
whilst the effect of heat treatment on converter 
steel is shown in Fig. 5 
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Moulding Sands. 

The question of sand for steel castings is, of 
course, important, but for automobile work the 
difficulties are somewhat lessened by the fact that 
practically all the moulds can be cast in green 
sand. Such a mould has less resistance to 
shrinkage pressure, and consequently there is less 
trouble from cracks. 

No specially prepared sand is bought, nor is any 
Belgian material used, although it is thought very 
good results can be obtained from the latter. At 
the same time, good results are obtained from the 
use of English sands, and some of those used by 
the author come from Yorkshire. 

In a discussion that took place on a Paper given 
by Mr. Bradley, of Sheffield, at the Birmingham 
convention, the author took the opportunity of 
pointing out that a mistake was sometimes made 
in having the facing sand for steel castings too 
refractory, and the Daimler concern had found it 
the best practice to use a sand which was just on 
the border line of fusing. The measure of refrac- 
toriness depends, of course, on the section of the 
casting being dealt with, but if this is varied so 
that the sand just cakes in contact with the 
molten metal, a nice clean casting is produced so 
far as the skin is concerned. 


AS CAST. 


ANNEALED. OIL 
QUENGHED. 


Fic. 5.—InFitvence or Heat 
TREATMENT ON THE STRUCTURE 
oF Street CastTINnGs. 


Satisfactory mixtures for light steel castings can 
be ascertained by anyone who takes the necessary 
trouble, and without using any special binders. 
In this class of work, however, the proper milling 
of the sand is essential to give it just the requisite 
temper. The question of the use of chills in steel 
castings is very important. Their use in light 
work is often essential. Additional risers and 
runners add to the cost of production. It is not 
a question as to which is the better. The sole end 
in view is to produce a sound casting. In auto- 
mobile castings there is no prejudice against the 
use of chills, but it is realised that great care and 
judgment is necessary. Assuming this, their use 
is a much more convenient method of securing 
soundness in a casting than the use of heavy risers, 
which very often defeat their own ends. The 
correct disposition and shape of runners and risers 
is vital to successful production, and is a matter 
for close scientific study. This is the crux of the 
foundry problem, and should not be treated in a 
casual manner. 

For the production of a steel road-wheel—a 
fairly complicated casting—very little chilling is 
done, and there is only one runner. 

The Daimler foundry has an electric furnace as 
part of its equipment, but this is not in such 
regular use for steel castings as the converters. 
To be quite candid, the author has not been so 
successful in producing reliable and _ consistent 
metal for light castings, and if any foundrymen 
have any special experiences of this kind it is 
hoped they will publish their experience. Why is 


it that electrically-melted steel is comparatively 
sluggish as compared with converter steel at the 
same temperature? For those who are interested 
in this question it is pointed out that this furnace 
is basic lined, and that the chief trouble is porosity 
in the castings, although from similarly prepared 
moulds we can produce sound castings with con- 
verter metal. 

It is not to be understood that the author is 
condemning the electric furnace, as he must admit 
that problems connected with the job may not have 
received adequate attention. The consistent results 
obtained from the converters perhaps made him 
feel rather lukewarm, especially when the price of 
current was so high. 


Non-Ferrous Metals. 


The well-known ‘‘Y” alloy has been experi- 
mented ypon by the author, and the heat treat- 
ment he has developed may be summarised as 
follows:—The metal, ‘‘ as cast,’’ broke at 11.2 tons 
per sq. in., and had a Brinell hardness number of 
65. After heating at 530 deg. C. for 6 hrs., quench- 
ing in boiling water and ageing for 5 days, it gave 
12.3 tons per sq. in. maximum stress, and the 
hardness number increased to 74. The next treat- 
ment was to heat to 530 deg. C. for 6 hours, quench 
in boiling water, temper at 200 deg. C. for 6 hrs., 
and cool down in the oven. This gave 18.8 tons 
maximum stress and 109 hardness number. 

Table II shows some representative contractions 
found by the author: — 


Taste II.—Shows the Contraction of Metals used in 
Automobile Castings, the length of Test Bar being 12.069 
in. or 306.55 mm. 


Material. 


Contraction. 
Average gun metal “a “a in 64.8 
Admiralty gun metal a6 -- 1 in 73.5 
Brazing metal as 1 in 53.8 
Worm wheel bronze 1 in 76.8 
Phosphor bronze .. «lk ip 
L5 Aluminium... an 1 in 66.3 
Cast iron .. a oa 1 in 80.0 
Semi steel, 20 per cent. .. 1 in 69.3 
Converter Steel 1 in 42.1 


(To be continued.) 


The Refractory Association Dinner. 


The fifth annual dinner of the Refractories 
Association was held at the Royal Victoria Hotel, 
Sheffield, last Friday evening, Mr. Frank Russell 
presiding. There was an exceptionally long toast 
list. Mr, Tom Firth, a past-president of the Insti- 
tute of British Foundrymen, replying to the toast 
of ‘* The Guests,” said that many people were still 
ignorant as to the exact objects, and the technical 
public generally would welcome an outline of its 
work. Mr. H. Haliday, who proposed the toast of 
‘The Association,’’ spoke strongly on the question 
of the shortage of railway wagons, which was 
jeopardising the industry. Mr. W. Gardner, in a 
later speech, also referred to the matter, and said 
that the clay industry had also been seriously 
hampered. Mr. Frank Russell, replying to the 
toast of “The Association,’’? described the Asso- 
ciation as aa omnibus organisation, which dealt 
with every type of refractory—silica, chrome, 
magnesite and fireclay and the bricks made from 
them, dolomite, sands, etc. It was essentially a 
technical organisation, but it considered commer- 
cial questions of general interest such as railway 
rates and similar questions. It was not, however, 
in the least concerned with price fixing or wages. 
He appealed to those connected with allied indus- 
tries to become members. No less than nine 
speakers replied to the toast of “ Kindred Asso- 
ciations,’’? Messrs. Kent Smith (Institute of 
Metals), Faulkner (Institute of British Foundry- 
men), Arnold (Quarry Owners), Holland (Ceramic 
Society), Forster (Firebrick), Page (Quarry 
Managers) and Prof. W. E. S. Turner (Glass 
Technology) and others being called upon. No 
toast was received with more cordiality than that 
of “The Secretary and Treasurer ”’ (Messrs. Rees 
and Jones). Mr. Rees replied and emphasised the 
necessity for supply of adequately trained techni- 
cal men to control the technique of the industry. 
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Moulding a L.P. Cylinder Stuffing Box. 


By Ben Shaw and James Edgar. 


Every job in the foundry presents its own prob- 
lems, and in no department of foundry practice 
is this more true than in loam work. Moulders 
are sometimes baffled when they encounter a new 
phase of an old problem. Hence, while the stuffing 
box of a L.P. cylinder is not a particularly diffi- 
cult job to mould, yet it presents one or two 
interesting points and alternative methods which 
make it distinctive. It is somewhat more intri- 
cate, and more pattern work is necessary for its 
construction than for most types of cylinder covers, 
and, like them, it is invariably swept in loam. 

Fig. 1 shows a sectional elevation and half plan 
of a stuffing box and Figs. 2 and 3 illustrate the 
bottom boards that would be provided. As with 
all loam work that is to be swept, it is advisable 
to draw the sectional shape of the casting on one 
of the boards as a guide for thicknesses of metal 
required. 

The casting is strengthened by a number of ribs, 
and it is necessary to sweep a bearance for the 
ribs. With this type of loam job it is, as a rule, 


and screwed in such a manner that they are 
accessible for releasing. When the job has been 
swept the screws can be removed and a slight move- 
ment of the board will release the small pieces. 
This enables the board to be removed without 
injury to the swept surface. Temporary pieces of 
hardwood should be fixed on this board at A to 
sweep the steamway clearance, and the same 
method should be observed in making the piece 
forming the internal flange a loose piece. The top 
board for sweeping the cover, Fig. 4, follows the 
contour of the other side of the sectional shape, 
having a projection to sweep the socket correspond- 
ing accurately with that on the bottom board, and, 
in addition, a projection for sweeping a top print 
for the centre core. This latter is not essential 
if the centre core is of such a diameter that it can 
be relied upon to remain vertical when resting in 
the bottom print. This board is cut to the shape 
for the steamway clearance and a piece of hard- 
wood A attached to form the full shape. It is 
important to remember that, unless the diameter 
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good practice to sweep the bottom with one board, 
pieces of wood being screwed on to it to form 
different sections. These separate pieces are 
removed from the board as the work proceeds, In 


this job, however, it is advisable to make two 
separate boards for greater convenience in the 
foundry. The making of sweeping boards fre- 


quently cause some little difficulty in the pattern- 
shop, and it may be as well to give a brief desorip- 
tion of the boards for this job. 

Sweeping boards should be about 1} in. thick 
and the profiled edge needs to be chamfered, 
leaving a working edge of about } in. The side 
upon which the chamfer is made depends upon 
whether clockwise or counter-clockwise rotation is 
prefered at the foundry doing the work. Sweeping 
clockwise the board is rotated by the right hand 
and loam is applied with the left hand. The bear- 
ance board, Fig. 2, follows the contour of the ribs 
and the joint is formed at the back of the flange. 
It will be noted that a print is swept out for the 
centre core and a spigot is swept on at a distance 
of about 3 in. from the flange diameter. The 
depth of the spigot guide need only be about 3 in. 
or % in., but a reasonable taper should be given so 
that it will engage the socket more easily. The 
full bottom-board, Fig. 3, includes part of the 
profile of the bearance board, but is cut to the 
sectional shape of the metal. It will be noted 
that two flanges that are to be swept are undercut, 
and if these are cut from the solid board it will 
not be possible to remove it after sweeping without 
damage to the surface of the loam. Loose pieces 
should be attached to the board to overcome the 
difficulty. They should be chocked into the board 


of the spindle to be used for sweeping is known, 
the boards should either be cut accurately to the 
centre or the centre marked clearly on them. If 
the boards have been marked off from the back 
edges it is convenient for checking the setting of 
the boards when attaching them to spindles. In 
addition to the ribs and thickening bosses for studs 
a gauge stick should be supplied. It is also con- 
venient to provide two sectional pieces of wood to 
shape the ends of the external flange at the steam- 
way clearance. 


Sweeping the Mould. 


Sweeping the mould for this type of job necessi- 
tates two building plates, one for the bottom and 
the other for the top. They should have holes cast 
through them to clear the spindle, for venting and 
for runners and risers. In addition lugs should be 
cast on about the outside for lifting purposes. 
Short gaggers cast on the working side are an 
advantage. The bearance board should be cut to 
suit the diameter of spindle used, when it can be 
fixed to the spindle by means of a spider, as shown 
in Fig. 5. Facilities should be made while build- 
ing the brickwork for venting. Ashes or straw 
may be interposed with loam between the bricks 
to make it more porous, but it is important to take 
special precautions for venting the cores between 
the ribs. A good plan is to introduce vent-pipes 
which can be connected with the cores after they 
have been swept. It is not necessary to sweep the 


full shape of the bottom with the bearance board. 
It will suffice if sufficient is swept to take the ribs. 

In some foundries the patternmaker is respon- 
sible for setting the ribs and other subsidiary parts 
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that may be necessary, in others the moulder does 
this himself. It does not matter who is responsible 
providing they are set with a reasonable degree of 
accuracy. It is as well to mark the centre for the 
steamway clearance when the positions of the ribs 
are being fixed. : 

It is usually desirable to make a joint on the 
hearance because lifting the cores gives better 
facilities for cleaning and blackening. It is, how- 
ever, not necessary to wait until the bearance is 
dry, providing it has been allowed to become stiff, 
the ribs can be set and the whole bottom shape 
swept. 

The second board should be fixed as shown in 
Fig. 6, using two spiders to make it more secure. 
In order to lift these cores grids must be made. 
The use of a grid for each core is unsatisfactory, 
It is much better in work of this kind to connect 
the grids by passing part through the ribs, as in 
Fig. 7. Part of the grid becomes part of the 
resulting casting, but this does not affect the 
quality of casting produced. It does, however, 
facilitate the lifting and resetting of the cores and 
simplifies the job very much, 

Owing to the rake of the bearance, supple- 
mentary grids can be set between the ribs to carry 
the parts below the main grid, or wrought iron bars 
may be cast in the main grid for carrying them. 
With the former packing pieces and § hooks or 
hook bolts are necessary to secure to the main grid. 

A good surface of loam is applied to the bear- 
ance between the ribs, the ribs removed and the 
clay-washed grid bedded into it. The ribs need to 
be cut to pass over the connecting grid and 
returned to their former positions, when the cores 
can be practically completed before sweeping is 
recommenced. The board will, of course, be 
rotated to assist in defining the shape, but it is 
hetter to work the loam stiff until the cores have 
been formed and then use thin loam for sweeping 
so that a good surface will result. Cinders should 
be used about the centres of these cores to form 
venting chambers. A thickness of loam of about 
3 in. will generally suffice and leave sufficient room 
for the cinders. The general shape of the bottom 
is swept first and the board altered to sweep the 
steamway clearance. The extent of the amount 
cut away should be defined by means of a template, 
upon which the centre should be clearly marked so 
that it can be readily located. 


Finishing Off. 

When the sweeping has been completed the 
undercut parts should be released from the board 
for striping separately. The blocks for the stud 
bosses can be set into the swept loam. These 
blocks should be slightly larger than the drawing 
size, about 3 in. larger will do, because even though 
great care may be exercised in setting them, 
absolute accuracy cannot be assured. 

The cover is prepared in a similar manner to 
that described for the bottom, but it is necessary 
to make arrangements for running the job and for 
at least one riser. When both have been swept 
they are moved to an oven to be dried. Invariably 
the ribs and other subsidiary pattern sections are 
stripped while the loam is green. It is an advan- 
tage if the work can be allowed to stand until the 
loam is stiff, so that fillets can be cut and the 
pattern sections drawn before transferring to the 
oven. 

A word might be helpful with regard to the 
small holes passing through the ribs. These are 
incorporated in the design to prevent a lodgment 
of water in any one division. Frequently the ribs 
are cut to the correct shape, and it is left to the 
moulder to form a print on each side of them to 
receive a core. It is more satisfactory if wood 
prints are attached to the ribs, although it is not 
necessary to supply a core-box. The shape of these 
holes is not of vital importance, and small cores 
ean be rubbed to shape. They should, of course, 
be secured to prevent them lifting, and this should 
be done when the job is being blackened. 

When the cores are lifted for cleaning and 
blackening after drying it is important to remove 
any loam which will have adhered to the connecting 
grid. The metal forniing the grid should be left 
bare so that the fiuid metal of the ribs will be in 
contact with it and cause pariial fusion. 


Correspondence. 


[We accept no responsibility for the statements made 
or the opinions expressed by our correspondents. | 


British Industries Fair and Wembley. 
To the Editor of Tue Founpry Trape JouRNAL. 


Sim,—While excellent progress is being made with 
the arrangements for the 1924 British Industries 
Fair, and the demands for stand accommodation 
are greatly in excess of those at any corresponding 
period of organisation, it is not generally realised, 
even in some of the trades concerned, what big 
developments are taking place this year owing to 
the new conditions under which the Fair is to be 
held, 

The governing factor, apart from the improved 
industrial outlook, is the alteration of date to coin- 
cide with the great Empire Exhibition at Wem- 
bley. This departure is highly important in itself, 
for it will undoubtedly bring to the Fair an addi- 
tional number of overseas buyers. 

But there are contingent circumstances which 
will also be of enormous benefit to the national 
business. As leading merchant houses know, many 
trade buyers from warmer climates prefer to post- 
pone their mission to England until a later sea- 
son than that at which the Fair is usually held; 
those who come in February are anxious to get 
their business over as quickly as possible, and go 
back. 

But England in May has allurements of its own. 
It is a good place to be in, and it can be accepted 
as a general axiom that the longer a man stays in 
your shop the more you are likely to sell him! 

There is yet another very important factor. A 
year ago, both sections of the Fair were held simul- 
taneously in the last fortnight of February. This 
year, in view of the changed conditions, the Fair 
is spread over a whole month—the lighter indus- 
tries at the White City from April 28 to May 9, 
followed by the héavier section at Castle Brom- 
wich from May 12 to May 23. 

In the Midland capital particularly, we look for- 
ward to a further big increase of business on this 
account. Close at hand, within the easiest reach 
of our exhibition buildings at Castle Bromwich. 
are historic beauty spots to which, given the pro- 
per time of year, every visitor from overseas 
wishes to make a pilgrimage—Stratford-on-Avon, 
Kenilworth, Warwick, Leamington Spa, etc., and 
the Vale of Evesham, with its apple and cherry 
orchards in full bloom. 

Not only can our customers from abroad visit 
these places at will; they can conveniently reside 
there all the time, going backwards and forwards 
to the Fair as quickly and easily as a man comes 
to town each day from his suburban residence. 

That this attractive idea has already occurred 
to some few of our prospective visitors, is evident 
from inquiries we have been asked to make; we 
are now conducting a comprehensive investigation 
into the hotel and private accommodation through- 
out these districts. 

We believe, therefore, that as this. unlike the 
Wemblev Exhibition, is purely a trade event, not 
open to the public, your readers will be specially 
interested to hear of the exceptionally fine pros- 
pects for this year’s Fair. 

Yours, ete., 

Britisn Inpustries Farr, BrrMincHam. 
C. 

General Manager. 


Mr. R. L. Hunter, of Newlands House. Polmont, 
is shortly visiting America for a year, for the purpose 
of investigating Transatlantic methods of __iron- 
founding. 


Charies Clifford & Son, Limited.—Mr. Tuomas 
RatcuiFF presided at the annual meeting of this com- 
pany held at the Chamber of Commerce, Birmingham, 
and pointed out that the profit for 1923 was donble 
that of the previous vear, and he would remind them 
this was done under ordinary peace conditions, 
whereas in previous years they were working under 
war conditions at high pressure and with an unusual 
class of goods, They had begun the new year 
auspiciously in the way of orders and contracts, and 
were experiencing an improvement in trade. Of 
course, they could not give any pledges as to this 
year because much depended on strikes and the action 
of the Government in regard to taxation. 
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Institute of Metals. 


The annual spring meeting was held yesterday 
at the Institution of Mechanical Engineers, Mr. 
Leonard Sumner, the retiring president, occupied 
the chair at the first part of the meeting. 

After the general business had been disposed of, 
Prot. Thomas Turner was inducted into the chair 
and delivered his Presidential Address, of which 
the following is an abstract :— 


Presidential Address. 


The Institute of Metals was founded at an oppor- 
tune time. ‘he early workers in metals probably 
preceded written records; but Biblical and classical 
literature contain many references to gold, silver, 
brass, tin, and lead. From the Romans, in par- 
ticular, we have not only many examples of metal 
work, but also written descriptions of processes. 
The alchemists wrote on metals with much learned 
verbosity ; the old guilds, which survive in such 
City companies as the Ironmongers, Goldsmiths, 
and the Armourers and Braziers, afforded useful 
assistance to metallurgy in their day. Lastly, the 
great scientific and technical societies carried out 
the work on more modern lines; but none gave 
special attention to the metals in which we are 
particularly interested. The Institute of Metals 
was needed to bring together those who are con- 
nected with the production, use, and the scientific 
study of non-ferrous metals; and to place on re- 
cord the results of research and practical experi- 
ence. Now, looking forward, we wonder what will 
be the future of the Institute and of the non- 
ferrous metal industry. 

The Institute of Metals is not so much concerned 
with the production of metals as with their subse- 
quent manufacture, treatment, and use; but it 
is clear that the supply of the raw material must 
be of primary interest to any industry. 


Scientific Research. 

Much attention is now being devoted to scien- 
tific research, both organised and independent. 
Many publications have been issued, among which 
the reports of the Department of Scientific and 
Industrial Research, the 1923 presidential address 
by Dr, Armstrong to the Society of Chemical In- 
dustry, and the contributions by Messrs. Flemming 
and Pearce call for special mention. Research 
Associations have been formed, not only in con- 
nection with the non-ferrous metals, but in such 
diverse industries as textiles, refractories, rubber, 
cast iron, glass, and automobiles. The Western 
Electric Company, a branch of the Western Tele- 
graph Company in the United States of America, 
has an enormous building devoted to research and 
development. The annual expenditure on this 
building is over a million pounds, and the staff 
includes about 3,000 persons. Much of the work 
conducted is of a character which is extremely 
interesting from a purely scientific point of view. 
At the General Electric Company’s Laboratory at 
Schenectady the annual expenditure is £250,000, 
and a very large staff is employed. In many cases 
much of the work in hand is as purely scientific in 
type as that which is conducted at the Cavendish 
Laboratory at Cambridge. These research labora- 
tories are attached to a single firm, and the results 
obtained are, in the first place, for the firm pro- 
viding the laboratory. This simple method of con- 
trol has its advantages, but is beyond the power of 
companies with only moderate capital; hence we 
have to depend generally upon research which is 
supported by the industry as a whole and not by 
individual firms. 

For accurate scientific observation under modern 
conditions expensive apparatus is necessary, and 
trials must be made on a scale which corresponds 
with actual practice; but it must not be supposed 
that the day of the individual researcher is entirely 
passed. It is astonishing how much can be done 
with very little when necessary. 

Scientific research is classified in various ways, 
according to the aspect of the observer. We are 
in the habit of regarding it as being either funda- 
mental or applied. By the first we understand 
pure science, or physics in its widest sense, com- 
prising chemistry, mechanics, mathematics, and 
other branches of knowledge. The second section 


relates to the application of science. I prefer to 
regard research as being of two kinds, which are 
closely interdependent. ‘The first has to do with 
the careful observation and accumulation of facts, 
while the second is deduction and experiment aris- 
ing from such knowledge. An astronomer, for 
example, carefully observes the position and move- 
ments of a star, and then proceeds to calculate 
what its position and movements will be at some 
definite date, and is able to test the accuracy of 
his conclusions. The organic chemist studies the 
properties of a series of compounds, and predicts 
the formation and properties of a new member 
of the series; he is able to test the accuracy of his 
inference by producing the substance and examin- 
ing its properties. Whether or not these inferences 
are applied to some practical purpose, does not 
affect their scientific value. 

The marvellous extension of our knowledge which 
has resulted in recent years from the use of the 
microscope, the pyrometer, and from radiography 
has completely changed our views in relation to 
the structure and constitution of metals and alloys. 
and we have entered upon new fields of investiga- 
tion which appear to be almost boundless. It is 
perhaps well to bear in mind that even in branches 
of study in which man has worked longest there 
may still be much to discover. 


Segregation. 

Turning now to another subject which has en- 
gaged attention for centuries, we may study what 
occurs when a fluid alloy solidifies and cools to the 
ordinary temperature, We know, or we think we 
know, a good deal about what happens in the case 
of a pure metal. But with alloys there is much 
still to learn. The constituents may partially 
separate and lead either to liquation or to segre- 
gation. The effect observed may be either ‘‘ nor- 
mal *’ or “ inverse,’’ In the former case the metal 
with the higher melting point solidifies first, and 
is found in larger proportion on the outside of the 
casting. In the latter, this condition is reversed. 

Segregation has been principally investigated in 
connection with steel. Ingots have been cut 
through horizontally or vertically, and samples 
taken from various positions. On analysis it is 
found that the more fusible iron phosphide and 
iron carbide eutectics tend to collect in the upper 
central portion of the ingot which solidifies last. 
This appears so simple and natural that we are apt 
to regard it as universal. But this is far from 
being true. If our study of the properties of 
liquids had been confined to the one with which we 
are most familiar, doubtless we should have as- 
sumed that all liquids would expand during the 
process of solidification. 

The liquation of lead from copper is a_ well- 
known phenomenon which has long been applied 
in metallurgy. Nearly forty years ago Sir 
Frederick Abel drew my attention to nodules of 
iron sulphide which had formed on the surface of 
an iron casting during solidification. Exudations 
rich in iron phosphide are also not uncommon 
when phosphoric iron is employed. Tin “ sweat ”’ 
is familiar to those who have to do with the cast- 
ing of bronze, In all these instances it would 
appear that a fusible constituent, of limited solu- 
bility, has been squeezed to the outside through 
the pores of the casting while it was contracting 
during cooling. In such cases it is not unusual to 
observe that the more slowly the mass cools, the 
more complete is the separation of the fusible con- 
stituents; while conversely, ranid cooling tends to 
produce uniformity of composition. 

In many non-ferrous allovs the conditions are 
quite different, and rapid cooling produces a varia- 
tion in composition, while slow cooling results in 
much greater uniformity. 

With alloys which consist of a single substance, 
such, for example, as an intermetallic compound, 
no segregation can take place, unless decomposition 
occurs during cooling; but where there is a wide 
erystallising interval, and the alloys expand 
during slow cooling, it will generally be found that 
by rapid cooling considerable inverse segregation 
is obtained. For example, if the alloy is cast in 


the form of a round bar in an upright metal 
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mould, every horizontal section will have approxi- 
mately the same average composition, with the 
exception perhaps of the extreme top and bottom 
of the ingot. If, however, samples are taken at 
different distances from the centre of the bar, it 
will be found that the proportion of the metal of 
higher melting point is greater in the interior of 
the bar than in the outside. The gradation in 
composition from the outside to the inside is uni- 
form for a definite rate of cooling. With more 
rapid cooling, the gradation becomes more steep 
and can no longer be represented by a straight 
line: with slower cooling the composition becomes 
more unilorm. 


It is now known that a very large number of 
alloys in practical use exhibit this characteristic 
of inverse segregation when rapidly cooled. The 
cause would appear to be different from that of 
liquation, to which previous reference has been 
made, though the effects may be somewhat similar. 
An attempt has been made to explain inverse 
segregation, on the supposition that the higher 
melting-point metal first solidifies in larger pro- 
portion at the outside, the more fusible portion 
collecting at the centre; and that, as a result of 
contraction, this fusible part is now ejected from 
the centre, so as to diffuse into the metal at the 
outside. 1] have endeavoured to imagine how this 
could take place, but cannot conceive of any mix- 
ture of a soluble zinc-rich constituent in the centre 
being ejected into a copper-rich portion in the out- 
side, and yet giving a higher percentage of zinc 
than the residual centre portion. The pheno- 
menon appears more likely to be the result of 
super-cooling, and may be explained briefly as a 
reversal of the conditions which are represented by 
the equilibrium diagra.a. Solidification takes 
place on a rising, instead of on a falling tem- 
perature gradient, and the usual conditions are 
reversed. Rapid cooling during the solidification 
of many alloys produces an effect which may be 
compared to the view of the surrounding scenery 
which would be obtained by a man who had sud- 
denly been made to stand on his head. 


We must, however, always allow for the possi- 
bility of the formation or decomposition of com- 
pounds during cooling. One example of inverse 
segregation is seen in the case of the separation of 
graphite in cast iron. On cooling, the fusible 
iron carbide decomposes, yielding  infusible 
graphite which, though usually held in position bv 
the rigid metal which surrounds it, tends wherever 
possible to accumulate in cavities or spongy por- 
tions in the centre of the mass. Graphite is the 
most infusible substance present, yet it does not 
tend to go to the outside of the casting, but rather 
to the inside. It is possible that a similar action 
may take place in the copper-tin and the copper- 
aluminium series, where constituents exist during 
the first stage of solidification but decompose as 
«ooling proceeds. The number of examples of inverse 
segregation which are now known is so large that 
the subject must receive more attention in future. 
One reason why it has attracted so little notice is 
because mild steel and brass appear to behave in 
the normal manner; these are the commonest 
metallic substances. and their solidification has 
been most studied. 

Research is fascinating work, whether it be con- 
ducted in the direction of pure science or of im- 
proved methods; but I have little sympathy with 
the cry ‘‘ science for science sake,’ which means, 
in effect, science for the pleasure of the individual 
worker. Such a worker usually expects Jeisure and 
comfort to be provided while he conducts his in- 
vestigation. The hope of being able to contribute 
to the stock of human knowledge, for the general 
good. should he a stimulus to every investigator 
Before discoveries can benefit the world at large 
they must either be published or put into prac- 
tical use, according to the nature of the work in 
hand 


Publication of Research Work. 


The cost. of publication of the Institute’s 
Proceedings is one of the most important 
questions which concerns the Institute at 
present. It is probable that, owing to an accu- 
mulation after the war, more research has been 
done recently than can normally be expected : but. 
on the other hand, the extension of metallurgical! 


training, and the work of research associations, 
will provide a larger amount of matter suitable 
for publication as the years go by. Une method 
of meeting the difficulty is by a more rigid censor- 
ship of papers, and by the adoption of a less dif- 
fuse style in writing. It is true that some papers 
have suffered by being too short, and important 
details have been omitted. The tendency is, how- 
ever, rather in the opposite direction; and one is 
reminded of the story of the man who at the end 
of a voluminous letter apologised for its length, 
saying, that he had not time to write a short one. 
When a speaker exceeds his allotted time it is 
evident that he has not given sufficient thought to 
the arrangement of his subject; and some volu- 
minous papers may be regarded as a first draft 
from which, by further thought, a much more con- 
densed and useful paper could be prepared. The 
ability to express important facts in simple 
language is an indication of experience, and of 
that clearness of thought which enables the writer 
to seize on all that is essential, and to strip off 
what is unnecessary. In many cases the perma- 
nent value of a communication varies inversely as 
the square of its length. 

In connection with the work of the research 
associations much information is received by a re- 
search committee, or by the information bureau, 
which does not reach the members of the associa- 
tion owing to the cost of publication. Such 
material is of two kinds: one which may be ¢lassed 
as more purely scientific in character, and the 
other which has more definite relation to improved 
methods of practice. Speaking broadly, the first 
should be published as soon and as widely as pos- 
sible, and preferably in the recognised scientific 
journals connected with the industry. If such re- 
ports are privately circulated to the men who are 
at present in responsible positions in the con- 
tributing firms, and who in the order of nature 
must soon retire, the information would probably 
be filed away for reference and forgotten in a few 
vears. If an industry is to be progressive, the 
young men who are entering it must have the best 
scientific knowledge. From such men lengthened 
service can be expected and the full advantage 
obtained. In my view, any research association 
which does not provide funds to assist in the 
proper dissemination of its scientific results, is 
short of that headstone which should be the com- 
pletion of its building. 

On the other hand, there may be much research 
work conducted by an association which, while 
valuable if available to its members, is not suit- 
able for permanent record in a standard scientific 
or technical journal. It is difficult to suggest the 
proper method of dealing with such material; if 
it is not printed and circulated it may be wasted: 
vet to print and circulate it would involve con- 
siderable expenditure of time and money. We are 
here met with a difficulty which I fear each re- 
search association wil] have to consider for itself, 
to work out its own salvation. 


Ropeways, Limrrep, Eldon Street House, South 
Piace, London, E.C.2, are removing on March 21 to 
Aldwych House, Aldwych, W.C.2. 


IN THE THIRD annual report of the British Elec- 
trical and Allied Industries Research Association, 
reference is made to the organisation which_ it pro- 
vides for the prosecution of research required for the 
general benefit of the industry as a whole. This was 
not possible until the establishment of the Associa- 
tion and its predecessor the Electrical Research Com- 
mittee. A noteworthy development of the past year 
has been the formation of a class of associate mem- 
bers embracing suppliers and large users of electricity. 
The guiding principle determining whether a par- 
ticular piece of work shal] be undertaken by the asso- 
ciation is the value to the industry as a_ whole. 
Where special work of more immediate interest to a 
section of the industry is concerned it is necessary 
that adequate support from those particularly inter- 
ested must be forthcoming, and evidence is required 
that it is likely to be productive of a good return to 
the industry. Thus it has been found possible to 
replace or amplify smal] scale laboratory tests by 
large scale tests under controlled working conditions. 
Such work enlarges the knowledge of the behaviour 
of materials, and tends to revisions of practice and 
improved efficiency and economy. 
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Modern Automobile Foundry Practice.’ 


By P. Pritchard. 


(Continued from page 194.) 


Malleable Cast Iron. 

Malleable-iron castings are extensively used in 
motor-car and cycle construction in cases where 
the part has to withstand repeated shocks. Axle 
casings, spring brackets, brake-pedals, dumb-irons, 
etc., are typical instances. 

Although malleable cast iron is originally derived 
from the same source as common grey iron (i.¢., 
the blast furnace), the finished product varies 
greatly from grey iron. It has a much higher 
tensile strength (about 18 to 24 tons per sq. in.) 
and a fair degree of ductility. These properties 
are imparted to the metal subsequent to the actual 


able iron are much the same as those for grey 
iron. The sand is of the same character and most 
of the work is cast green-sand. 

Much attention has to be paid to the runners 
and risers for malleable castings, as the metal does 
not run very freely and there is a considerable ten- 
dency to ‘‘ draw.”’ The metal as cast is exceedingly 
brittle and trouble is frequently experienced with 
cracking both during the cooling of the casting in 
the mould and during fettling. For this reason 
any cores used must be open, and be of such a 
character as to offer the least possible resistance 
to the contraction of the metal. Before the cast- 
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making of the castings by the annealing process. 
The principle involved in producing malleable cast 
iron consists of taking castings made from very 
hard white pig-iron and annealing them for a con- 
siderable time at a temperature of about 950 deg. 
€. whilst in contact with hematite iron ore (iron 
oxide). This has the effect of reducing the per- 
centage of carbon in the metal considerably and 
also of changing the structure and composition of 
the remaining carbon. The pig-iron used is of a 
special character, generally with a ‘‘ mottled or 
white ’’ fracture, containing a low percentage of 


ings are annealed they are 
sand-blast or by ‘tumbling in order to remove 
all sand. It is important to remove the sand 
from those portions of the casting which have to 
be machined as, unless this is done, there is always 
the possibility of the sand fusing in the annealing 
oven, after which it can only be removed with 
— and if not removed spoils the machining 
tools. 


cleaned either with 


The annealment is unquestionably that part of 
the practice which requires the greatest care and 
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silicon (usually under 1 per cent.), whilst the phos- 
phorus is kept as low as possible (about 0.03 to 
0.06 per cent.) in order to prevent the castings 
being brittle. On account of the low silicon the 
sulphur content is generally rather high. 

The metal is melted either in cupolas, crucibles 
or air furnaces, or occasionally in open-hearth fur- 
naces. ‘The first mentioned is the most common 
practice, although the second gives the best results, 
but is usually too expensive. The third is not 
very largely used in this country, but undoubtedly 
gives the best results when extreme economy of 
melting is not considered. Open-hearth furnaces 
similar to those used in steel making are used in 
some of the large malleable foundries in America. 

The general principles of moulding for malle- 


* A Paper presented to several branches of the Institution of 
Automobile Engineers. Mr. Pritchard is a direetor of the 
Midland Motor Cylinder Company, Limited, and is also con- 
nected with the Birmingham Aluminium Castings (19038) 


Company, Limited, and the Paeulec Machine Company, Limited. 


closest attention. After cleaning, the castings are 
very carefully packed into iron annealing pans 
with hematite ore. ‘The ore is crushed sufficiently 
small to pass through a {-in. mesh riddle, and is 
rammed around the articles. It is important that 
each casting should be surrounded with ore, other- 
wise the portion of casting missed is not properly 
annealed. The boxes or pans are usually stacked 
one on top of the other in the oven, the bottom of 
one box forming a lid for the other. All crevices 
should be luted with clay and sand mixed with 
water to prevent the admission of air and burning 
of the castings. The pans containing the castings 
which require most annealing are placed at top of 
the stack, as the top of the oven is of course the 
hottest. The annealing ovens are fired either with 
coal or producer gas, and must be so designed that 
a fairly accurate control of temperature is possible 
When the oven is fully charged with pans, the door 
is closed and sealed. The fire is started and where 
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che castings are of such a character as not to be 
damaged by too rapid expansion, it may be forced 
until the requisite temperature of 950 to 980 deg. 
C. is attained. 

Where design of casting does not allow of this, 
the temperature has to be raised much more gradu- 
ally. The oven is maintained under pyrometrical 
control at the above temperature (subject to a 
maximum variation of 60 deg. C.) for the necessary 
period according to the design and thickness of 
the castings. The condition is observed during the 
process by means of observation holes in the doors, 
and if the temperature is maintained the anneal- 
ing pans will commence to blister or “ scale” in 
about twenty hours. This scaling increases during 
the next forty-eight to sixty hours, when it leaves 
the pans and falls to the ground. A second layer 
of scale then begins to form, and just before this 
starts to fall away the firing is stopped and the 
oven is left to “ soak ’* and cool down slowly, At 
least thirteen hours should elapse after stopping 
firing before the doors are opened and the pans 
allowed to cool more quickly. 

The most satisfactory castings are those which 
are allowed to cool completely in the pans, but fre- 
quently the pans are emptied when the castings 
are black hot. Malleable castings should never be 
exposed to the air above dark blood-red heat or 
otherwise they become chilled and much too hard. 
It sometimes happens that when the castings are 
examined they are found to be insufficiently an- 
nealed and therefore still hard. In this case the 
oven is re-sealed and the firing forced until the 
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required temperature is reached, which is then 
maintained for a further twelve to twenty-four 
hours, as the condition of the fracture of a tested 
casting may indicate. 

It is to be noted that only the carbon in the 
meta] is affected by the annealing process, all the 
other constituents remaining the same as in the 
pig-iron. Whilst these have an appreciable influ- 
ence in determining the ultimate condition of the 
carbon, beyond the fact that after annealing there 
is considerable difference in the nature of the car- 
bon in high- and Jow-sulphur iron respectively, and 
that high-silicon iron can be annealed at lower tem- 
perature than that in which the silicon percentage 
is Jow, very little reliable information is available. 

After annealing, the castings are taken to the 
dressing shops, where any superfluous metal, such 
as runners and risers, is ground or chipped off, 
and the castings are cleaned by tumbling or 
sand-blasting. All malleable castings are liable 
to become distorted during annealing, either 
due to the subsidence of the ore in the 
pans or, in the case of a complicated cast- 
ing, through the stresses set up in the casting 
itself during the process. On this account, there- 
fore, it is frequently necessary to straighten and 
set the castings after annealing, This is done 
either in a press provided with special tools, or 
with a hammer on an anvil. Thin light castings 
not greatly distorted can be straightened whilst 
cold, but others may have to be heated to a dul] 
blood-red heat for this operation. 

Whilst most of the difficulties experienced in 
casting grey iron also occur in malleable, the latter 
metal presents one or two peculiar to itself. Chief 
amongst these is that caused by excessive varia- 
tion in thickness of metal. This causes trouble not 
only in the casting due to shrinkage, but also in 
the annealing. Sharp angles should be avoided 
owing to the tendency for the casting to fracture 


at such places. The average malleable founder is 
called upon to turn out an immense variety of 
work, and it is often difficult, if not impossible, so 
to arrange the position of the castings and pans 
in the oven during annealing that heavy castings 
are properly annealed without the lighter ones 
being over-annealed, or the heavier ones being 
under-annealed and consequently hard if the light 
ones are correctly done. 

Many failures have occurred owing to the de- 
signer having misunderstood the real structure of 
the material. A malleable casting has been defined 
as a ‘‘ wrought-iron casting.’ and although this 
is to a slight extent true, the fact is overlooked 
that whilst there may be a similarity as regards 
analysis, there is a considerable difference in the 
structure. 

Malleable wrought iron is fibrous or laminated, 
whilst malleable cast iron is crystalline or granu- 
lar and ean only be used when it is physically 
better adapted for the purpose. It must not be 
regarded as a substitute for either wrought iron or 
steel, but rather as a distinct material possessing 
certain properties common to both and conse- 
quently sometimes better adapted than either for 
specific purposes, 

Mild Steel Castings. 

Mild steel is perhaps the most difficult metal to 

cast used in automobile work, which is perhaps the 
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reason why a good many manufacturers fight shy 
of adopting it for general use. 

Steel foundry practice, whilst resembling in 
many ways iron, is quite distinct and calls for 
special care and experience. The usual run of 
steel castings are made in metal of an average 
analysis of :—Silicon, 0.10 to 0.20; carbon, 0.15 
to 0.25; manganese, 0.4 to 0.6; sulphur, under 
0.06; and phosphorus, under 0.04 per cent. 

The metal for automobile work is melted either 
in crucibles, the electric furnace or the converter. 

Crucible melting, although giving very good 
metal, is expensive and is not largely adopted. 
The two most frequently used types of furnaces, 
therefore. are the electric furnace and the con- 
verter. Where the cost of electrical energy is suffi- 
ciently low to permit of its adoption, the electric 
furnace offers the idea] medium for producing high- 
grade metal. In this case the usual course is to 
melt scrap steel with the necessary amount of ferro- 
manganese, etc., to give the desired analysis, 
although occasionally the electric furnace is used 
for treating molten pig-iron to eliminate carbon, 
silicon and manganese. 

The author has heard it stated that the high 
temperature necessary to ensure sufficient fluidity 
to run some of the thin castings in use in auto- 
mobile work cannot be obtained so easily in the 
electric furnace as in the converter. The converter 
or Bessemer process of producing molten steel con- 
sists of either melting low-phosphorus pig in a large 
firebrick-lined vessel (called a converter) or intro- 
ducing molten metal already melted in another 
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type of furnace (cupola, air furnace, blast fur- 
nace, etc.). Pre-heated air under pressure is sup- 
plied to the converter and the tuyeres which admit 
it are so arranged that they cause the blast to 
impinge on the surface of the molten pig-iron. 

Soon after the blast is started the silicon and 
manganese contained in the metal start to burn 
out, generating terrific heat. A little later the car- 
bon in the iron also commences to burn with a 
most intense white flame. After a short time (ten 
to twenty minutes, according to size of converter, 
etc.) the flame dies away, indicating that all the 
carbon, silicon and manganese has been burnt out 
of the metal leaving what is practically pure iron. 
A small amount of ferro-manganese and ferro-sili- 
con is then added to bring the metal up to the 
desired analysis. The burning of the silicon, man- 
ganese and carbon from the metal gives an intense 
heat and causes the steel to be extremely hot and 
fluid. The metal is then poured out of the con- 
verter into ladles for casting. 

The moulds for steel casting are either dry-sand 
or green-sand skin-dried. The portion of the mould 
adjacent to the casting is made of special facing 
sand of a highly refractory nature in order to 
withstand the high temperature of the metal, Dry- 
sand moulds are sometimes coated with a silica 
wash and green-sand moulds dusted with finely 
powdered silica to give a better surface to the cast- 
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ing. The cores used must be of a very refractory 
character and sufficiently porous to allow the gases 
generated to escape readily. Runners of ample 
size must be provided as the metal sets very 
quickly. The liquid shrinkage of steel is very 
great, and consequently large risers have to be 
used on heavy sections in order to compensate for 
this. Occasionally chills are also used on heavy sec- 
tions where a riser cannot be conveniently placed. 

The pouring of the metal into the moulds re- 
quires great care, as there is usually a quantity 
of very fluid slag on the surface of the metal in 
the ladle, and if this is allowed to get into the 
moulds bad castings will result. In order to pre- 
vent this the larger castings are sometimes cast 
from a special ladle with a nozzle in the bottom 
and fitted with a mechanically-operated stopper. 

The contraction of steel during cooling is very 
great (about 4 in. to the foot), and care must be 
taken to make provision for this by making the 
moulds and cores sufficiently collapsible to yield 
to this contraction without cracking the casting. 
It is on account of the heavy contraction and the 
consequent strains set up that castings which are 
particularly liable to become stressed in cooling 
should be annealed by taking them out from the 
sand and allowing them to cool very slowly in a 
soaking pit or muffle. 

On account of the tendency for the metal to 
draw and crack, it is necessary to provide large 
radii and ample fillets in all places where sections 
of metal join together. 

Even with the very best foundry practice and 


the most scientific control of the metal, many 
difficulties are met with in the manufacture of steel 
castings, apart from the usual defects occurring in 
every class of casting. One of the greatest sources 
of trouble is the gases contained in the molten 
metal, and although de-oxidisers such as alu- 
minium are used to reduce the amount of gas, in 
light castings these gases frequently become trap- 
ped in the metal during solidification and cause 
blow-holes, It is wise to cast the metal as hot as 
possible for such work and pay particular atten- 
tion to (1) the melting of the metal, (2) the dry- 
ness of the moulding sand, where the work is green- 


‘sand, and (3) the provision of substantial risers. 


Blow-holes or similar defects are also frequently 
caused by the inclusion of the slag with the metal 
in the casting as mentioned previously. 

On account of the intense heat of the metal it 
is difficult to produce steel castings with a very 
smooth skin owing to the vitrifying or eating-in 
action which takes place when the metal comes in 
contact with the sand of the mould, 

The high liquid contraction is responsible for a 
lot of trouble as it causes shrink-holes and porous 
places. Where it is possible to provide a large 
riser for the heavy sections, this is the best means 
of overcoming this difficulty, but heavy bosses are 
frequently so situated in a casting that it is im- 
possible to get a riser to them, and it would help 
the founder considerably if the designer endea- 
voured as far as possible to dispense with the use 
of heavy bosses and thick sections adjoining thin 
walls, 

Whilst many difficulties are met with in the 
manufacture of steel castings there is no doubt that 
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such castings are becoming increasingly popular, 
and the creation of the demand for high-grade 
steel castings should cause the steel founder to 
investigate more deeply the causes and prevention 
of the defects usually met with. There is no doubt 
that, provided that sound mild-steel castings at a 
reasonable price can be obtained, they are in many 
cases to be preferred to any substitute. It is highly 
probable that great strides will be made in the 
manufacture of steel castings in the near future, 
and that this metal will then be specified largely 
for automobile castings which are at present made 
in malleable cast iron or similar material. At any 
rate there is a unique field and a golden opportu- 
nity for the founder who can produce such castings 
satisfactorily. 


Non-Ferrous Foundry Practice. 


Brass and bronze castings are not used in auto- 
mobile work to the extent that they were formerly, 
but a brief description of the foundry practice in- 
volved in their manufacture may not be out of 
place here. The basis metal of nearly all brass 
and bronze castings is of course copper. For brass 
the composition is usually from 50 to 70 per cent. 
copper and the remainder zinc. Gun-metal has 
many different compositions, but the specification 
in most general use is 88 per cent. copper, 10 per 
cent. tin and 2 per cent. zinc. For phosphor- 
bronze the composition is 90 per cent. copper, 10 
per cent. tin, with from } to 1 per cent, phos 
phorus. All these metals are melted in plumbago 
crucibles, the furnaces used being either coke, gas 
or oil fired. Where floor or pit furnaces are used 
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the capacity of the crucible is from 60 to 200 lb. 
of metal, and when the metal is ready for pouring 
the crucible is lifted bodily out of the furnace, 
placed in the carrying shank and taken to the 
moulds. Where tilting furnaces are used, the 
capacity of the crucibles is usually from 400 to 
600 Ib., and the metal when ready is poured from 
these into small carrying ladles. The copper is 
always melted first, and the tin or zinc is generally 
added just befcre the metal is ready to cast. Green- 
sand moulds are generally used, made from strong 
rock sand which has been ground in a sand-mill 
until a close texture is attained in order to resist 
the eating in of the metal. Oil-sand cores are occa- 
sionally used, but this is not a general practice. 
The chief troubles found in the castings are due 
to (a) scum or rubbish getting into the mould from 
the metal, (b) draws caused by liquid shrinkage due 
to uneven sections or casting the metal too hot, (c) 
blow-holes due to either gases generated from damp 
sand or badly oxidised metal. Care is necessary 
in melting the metal to prevent oxidation, as not 
only is this liable to cause defective castings, but 
the loss in material would be considerable at the 
end of the year. 

The dressing is practically the same as for all 
other metals, the castings being chipped and filed 
and then cleaned either in the sand-blast or 
tumbling barrel. 


Conclusion. 


The wide scope of this Paper makes it impossible 
to deal exhaustively with every aspect of foundry 
practice; indeed, it is only possible to touch briefly 
upon the more outstanding points relating to the 
production of automobile castings. 

The modern foundry, however, is at last taking 
its place alongside what have generally been con- 
sidered the more important departments concerned 
in automobile production. More attention is now 
given to foundry practice, and whilst greater de- 
mands are made on the foundry much more help is 
given both as regards plant and technical assist- 
ance. 

More scientific control, however, is still needed. 
There is room for an immense amount of research 
work to be done, as very little reliable information 
is available concerning the behaviour during cool- 
ing of any of the metals mentioned in this Paper. 

Closer co-operation between the maker and user 
of castings is essential if the best results consistent 
with economy of production are to be obtained. 
The author feels sure that whilst in earlier days 
the difficulties of the founder have not been suffi- 
ciently appreciated, this is now largely a thing of 
the past, and the manufacturer is becoming more 
and more anxious to assist him in overcoming 
many of his difficulties. 

On the other hand, the foundryman of bygone 
days was not receptive of new ideas and frequently 
received very coldly any novel propositions. This 
attitude does not obtain now, however, and whilst 
it cannot be said even to-day that the average 
foundryman grants an enthusiastic reception to the 
requirements of the engineer and the ideals of the 
designer, there is a tendency everywhere to at- 
tempt more and more difficult tasks. With this 
spirit prevailing, we can look for even greater pro- 
gress in the future than has been made in the past. 

The advent of the foundry engineer would be of 
considerable assistance in this direction, and 
although at the moment this is a practically un- 
known position, its scope and possibilities are very 
great indeed. He would be the connecting link 
between the foundry and the engineer, assisting 
design on one side and helping production on the 
other. 

For this position enthusiastic men with a scien- 
tific training and sound engineering knowledge are 
necessary, and whilst the supply is at the moment 
limited it will be to the ultimate benefit of both 
the motor industry and the foundrv trades if this 
class of man will come forward and take up the 
work enthusiastically, 

More brains are needed in the foundry trade, 
and manufacturers generally would considerably 
help if, when drawing up schemes of apprentice- 
shin, they laid due emphasis upon the possibilities 
and prospects of the foundry department. 

We are to-day only upon the edge of a vast pos- 
sible field of foundry practice as yet undeveloped. 
The methods employed are in many cases still far 


too crude. Better machines and more up-to-date 
labour-saving appliances are needed. We have seen 
what can be done with the use of permanent 
moulds, but there is ample room for considerable 
extension in this direction. 

Aluminium alloys are as yet practically in their 
infancy, and we may undoubtedly expect great 
developments in this direction in the near future. 

The iron used at present for cylinder work whilst 
more or less satisfactory is still far from ideal, and 
there is room for improvement as_ regards 
strength, wearing properties, saving in weight and 
the melting of the metal. 

Malleable iron and steel castings are still often 
the source of much anxiety and worry to the pro- 
duction engineer, and many years of research could 
be profitably employed on these metals. 

All these points the author has emphasised 
merely in order to show the scope that the foun. 
dry trade offers, and if this paper only has the 
effect of interesting the required class of man in 
foundry work it will have given him adequate 
return. 

Tn closing, the author would like to express his 
appreciation of the kindness shown by Messrs. The 
Birmingham Aluminium Casting (1903) Company, 
Limited, and the Midland Motor Cylinder Com- 
pany, Limited, in allowing the photographs used 
herewith to be taken at their respective plants, and 
also for the information which they have placed at 
his disposal. 


Foundry Queries. 
Oil Sand Coven. 


In reference to “ P. B.'s’? query, oil sand cores 
are certainly more applicable to light work than 
heavy. Additionally they are cheaper, but the type 
of work to be carried out should have been stated. 
The economy is due to increased speed of making, 
the elimination of wax vents, the reduction of the 
number of grids and core irons used, the reduction 
of fettling costs, the reduction of the waster bill. 

The material required is only sea sand and oil. 
No grinding is necessary—the ingredients need 
only be mixed by hand and riddled twice through 
a 4-in. riddle. The cost of sea sand at Bolton is 
14s, per ton, and the oil, the name of which 
obviously cannot be given but will be communi- 
eated privately on application, is used in the pro- 
portion of 1 to 40. It should be borne in mind 
that some oils are distinctly poor. The price of 
both oil sand and green sand cores is roughly 11d. 
per cwt. Sea sand can be obtained more cheaply 
if there is an empty wagon returning from the 
coast. “ P. B.”’ says: ‘‘ Generally speaking he 
knows what is required.” Then why does he ask? 
—A. Sutciirre, 1, Firwood Grove, Bolton. 

[We would add that shell, being constituted of 
limestone, is detrimental. Quarry silica sand 
being of regular grain and composition should also 
be considered. Offers of help have also been re- 
ceived from Mr. H. Coggan, of the August Muffle 
Furnaces, Limited, Halifax; Mr. W. Perry, of 
Messrs. Baker Perkins, Westwood Works, Peter- 
borough; Mr. P. Pritchard, of the Midland Motor 
Cylinder Company, Limited, Smethwick, Bir- 
mingham, and Mr. Frank Russell, of the General 
Refractories Company, 28, Blonk Street, Sheffield. 

—Eprror. | 
Alloy Casting. 

Answering ‘‘C. B. C.’’ in your issue of Feb- 
ruary 28, he is faced with a very difficult problem 
in casting 60 lead, 33 nickel and 7 per cent. copper. 
In the first case, in making his alloy he should 
refine a } nickel and 4 copper alloy and run 
into ingots, covering with charcoal during melting. 
Then mix his alloy, 14 lbs. of the } and 4, 26 Ibs. 
nickel and 60) Ibs, lead, again covering with 
charcoal during melting, of course adding the 
lead last. Chill moulds entirely are to be pre 
ferred, if possible; failing this, if sand moulds 
must be used, they should be chilled wherever 
possible, dressing the chills with paraffin and best 
powdered charcoal, dusting close through a muslin 
bag, and blowing off the excess with bellows. The 
metal should be poured as hot as possible and 
leads to feed heavy sections must be provided. 
Good allowances for all parts to be machined 
should be added.—A. Mico. 
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Institute of British Foundrymen. 


SCOTTISH BRANCH. 
Co-operation for the Production of Castings. 
By H. M. Hodgart. 

Mr. Lawrie, in his presidential address before 
the Scottish Branch, pleaded for standardisation 
of design and methods of manufacture. This 
exceeds the scope of the subject under considera- 
tion, because few, if any, men of genius have ever 
designed or invented anything that was not capable 
of simplification and improvement, That improve- 
ment is nearly always the combined result of many 
brains working on the same problem. Excellence 
of design would be considerably hastened if there 
was real co-operation between drawing office, pat- 
tern shop and foundry. Taking the most modern 
type of power units, the motor-car, the aeroplane, 
and the Deisel engine, by far the greatest problem 
is that of obtaining sound castings capable of 
withstanding the still comparatively unknown 
conditions set up in these engines. Similar diffi- 
culties beset Watt in the manufacture of his steam 
engine, and the success of steam was not assured 
until the founder was able to understand and co- 
operate with the inventor. If the draughtsman 
would endeavour to understand the founders’ 
problems, and the founder endeavour to appreciate 
the aims of the draughtsman, progress would be 
more rapid than it is at present. 

Competition in business is probably the greatest 
spur in the improvement of design, because it 
makes for simplicity in manufacture, with its 
almost inevitable corollary, simplicity in design. 
It is one of the laws of nature that a machine which 
is simple will always work better and longer than 
a complicated one. On the other hand, when com- 
petition is keen, the unfortunate iron founder is 
not always considered in the sometimes short- 
sighted and mistaken efforts of the designer after 
so-called simplicity of construction. The designer, 
in order to avoid work in the machine and fitting 
shops, sometimes makes the problem of making the 
casting ten times more difficult and unthinkingly 
defeats his own end. Unfortunately for the 
founder, the designer does not always require to 
consider him, and in the struggle to obtain work 
the founder is often left with the baby to hold. 
In the ordinary procedure, he seldom, if ever, has 
any say in the design, or in the making of the 
patterns. The engineer, having an inquiry, makes 
out a tentative design, and sends out inquiries 
to various foundries—very often he does not 
trouble to give the founder a drawing on which 
to base his estimate—and the founder who puts in 
the most favourable price gets the job, if it 
materialises. If the engineer gets the job, he 
proceeds to get out working drawings, wall to get 
patterns made. He is sure to take into considera- 
tion, firstly, economy in mannfacture in his engine 
shop, and, secondly, he expects his pattern-maker 
to turn out his patterns in the cheapest possible 
way, but how seldom, if ever, he dreams of calling 
in the man who has to make his castings at this 
stage in the proceedings. 

In old-established types of machinery, such as 
the reciprocating marine steam engine, this is not 
of great matter, but where new types of engines 
are being made, how often would it not be to the 
designer’s advantage to co-operate with the 
founder? Undoubtedly, the foundry would be the 
most obvious gainer. But if the engineer would 
try the experiment, he would be agreeably sur- 
prised at the saving he would effect both in pattern 
making and in the machine shop. Patterns which 
are difficult to work with in the foundry are by 
no means always the cheapest to make, and most 
foundrymen have had the irritating experience of 
almost having to reduce a pattern to match-wood 
before they could induce it to come out of the 
sand, and unfortunately it is not always easy in 
such cases to point out to the disgruntled and 
sometimes infuriated pattern-maker the error of 
his ways. This sort of thing is not only produc- 
tive of misunderstandings, but is invariably costly 
to both parties. 


* A Paper read before the Scottish Branch of the Institute of 
British Foundrymen, Mr. J. Affleck presiding. 


Metallurgically-Ignorant Engineers. 

Another frequent source of trouble is the 
ignorance of many engineers of the simple metal- 
lurgy of the metal that they propose to use for 
their castings. The author has had to try to 
explain on numerous occasions how the nature and 
strength of cast iron is affected by the rate of cool- 
ing or freezing. On one occasion he was astonished 
to find that several inspectors employed by a well- 
known company of surveyors believed that all the 
metal in a casting was similar to the 1-in. sq. test- 
bar cast on to the casting, although in some parts 
the thickness of the easting was more than double 
that of the test-bar. 

If foundrymen can induce engineers generally to 
take a more active and intelligent interest in their 
problems, then the latter would be the gainers as 
much as the former. Of later years the foundry- 
man has started to come into his own, and it is 
thought he does receive more intelligent considera- 
tion than he did formerly. There is no doubt that 
the Institute of British Foundrymen has very 
largely contributed to this happier state of affairs, 
but there is still much that remains to be done. 
The fault does not lie with the engineer alone, 
and the foundryman on his part should strive to 
obtain at least a smattering of the ‘“‘ why and 
wherefore’’ of engineering design. This know- 
ledge cannot be obtained in the foundry, but can 
be largely learnt by what might be called coffee- 
housing with one’s engineering customers, and 
more useful propaganda work for better co-opera- 
tion can be done in this way than by merely. 
grumbling at the lack of consideration that the 
foundryman usually receives. Foundrymen should 
all try to make opportunities for meeting the 
engineer and getting him to see that they are 
really keen to help him to solve his difficulties. 
The result will usually be that he will help them 
with theirs. The interests of both branches of 
the engineering trade are so closely interwoven 
that it is every day more essential that we have 
close co-operation, 

Founders who are trying to get an order might 
do worse than use the advantages to be gained as 
talking points. Firstly—and it might be said that 
all the other reasons are only an elaboration of 
the first—co-operation is bound to result in a 
saving of time, labour and money to designer, 
pattern-maker and founder. If the designer only 
gets better castings as a result, it will save him 
time in machining, time in testing, and last, but 
not least, it will save him endless worry. No 
engineer ever grumbled if he received a good sound 
casting, and if he would take the founder into 
his counsels when he is designing a job, he would 
find that there would be very much less for him 
to grumble about. If foundrymen can satisfy the 
engineer, they will not need any praise. They 
will have achieved something that is beyond praise 


Misdirected Effort. 


In a great many cases it is very doubtful if the 
moulder realises the ultimate purpose of the cast- 
ing he is making. He may take a great deal of 
care over the moulding of a part that is compara- 
tively unimportant. Conversely, he may find he 
has cast a number of parts, which seem simple and 
unimportant, in such a way that they have little 
chance of turning out right in machining. As an 
example of this, a simple job which gave some 
trouble at the time might be cited. A number of 
piston ring pots were ordered of different 
diameters. They were to be rough machined and 
sent abroad to be used for repair work, and were 
to be finished machined when required. They were 
cast from solid patterns, and beyond remarking 
that some of them seemed pretty thick for piston 
rings, no one worried about them. When they 
were machined, however, it was reported that the 
metal was open and soft, and that they would be 
of no use as piston rings. Before proceeding with 
the replace castings, pretty close inquiries were 
made, and it was found that in order to use pat- 
terns which were in stock, the castings were made 
so thick that it was necessary to machine off from 
3 


$ in. to 1 in. to get the casting to the rough 
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machine size. Or, in other words, to save expense 
in pattern-making, all the subsequent labour was 
lost. When the correct allowance was made for 
machining, the castings were perfectly satisfac- 
tory. It is difficult to see why the aan should 
not get working drawings as well as the engineer. 
Even a general arrangement drawing of a job 
would help the moulder to have an intelligent idea 
of what the casting is required for, and would 
assist him in deciding how it should be moulded. 


Machined Parts should be Shown. 

Often trouble would be saved if the patterns 
were marked to show machined parts and parts of 
particular importance. It is not often that a 
moulder is blamed for not putting on a sufficiently 
large fillet. Recently the author had occasion to 
make a cover for a steam-tight job. On the side 
which was thought to be next to the flange, and 
where it would be machined square, denseners were 
placed, at the same time keeping the edge of the 
mould fairly square. Unfortunately, this side of 
the cover was meant to be the outside, and a large 
fillet was required, so the job wads scrapped. Had 
there been some indication on the pattern as to 
what was wanted, there would have been little 
difficulty in getting the job right at the start. 


Oil Sand Cores Necessitate Co-operation. 

Recently a number of Papers have been given 
drawing attention to the benefits to be derived 
from the use of oil-sand cores. In the United 
States, the use of oil binders has been common for 
years, chiefly because it was often difficult to get 
suitable sands with sufficient natural bond. In 
many cases where oil sand was used, very elaborate 
plant in the shape of drying-forms was — 
to keep the cores in shape until they were baked 
hard and could be handled. This was certainly 
convenient and economical where large numbers 
were made off one pattern, but the benefit to be 
derived was not quite so obvious to the jobbing 
foundryman. His difficulty was that core boxes 
were generally so made that the core had to stand 
a good deal of handling in the green state before 
it could be parted from the box and finished. 
There is no doubt, however, that if the pattern- 
maker will co-operate with the foundryman, all 
these difficulties can be overcome, and considerable 
savings in core boxes and moulders’ time will be 


_the result. 


Considering a cylindrical core, or almost any 
core that is ordinarily made in a split box, such 
as a stop-valve core, it is very often found that 
both parts of the box are almost identical. The 
usual method of making the core was to ram up 
both parts of the box, clay-water the joint of the 
core, put both halves together, and rap the top 
part of the box until it is considered that a good 
joint has been made. The core then has to stand 
handling in the green state in order to get it 
finished and put into the stove for drying. With 
oil sand, on the other hand, the core can be made 
in two parts, which are dried separately, the halves 
resting on flat plates. When dry, the core can be 
stuck together with paste. This only requires one- 
half of the core box to be made. As a rule, the 
core can be made more quickly, as very little ram- 
ming and venting are required, and finally the 
cores, when dry, stand a great deal more rough 
handling than cores made with natural bonded 
sands. When the job is cast, little trouble is found 
in removing the core. As a rule they run out of 
the casting, as the bond has all been burnt away. 
The author does not profess to know much about 
making bend-pipe cores, but in a jobbing foundry 
they are usually made either in two-part boxes or 
strickled up in loam from a template. The latter 
method saves pattern-making, but is a fairly 
expensive way of making a core. It is both slow 
and dirty, and the cores usually take a good deal 
of work to remove them from the casting. If oil 
sand is used instead of loam, the core can be 
strickled up easily in a few minutes, and little 
fear need be entertained that it will not vent 
properly. The more difficult the core, the more 
the advantages of oil sand are manifest. 

In a water-jacketed cylinder, the jacket core is 
usually considered a. fairly troublesome job, but 
made in oil sand it becomes fairly easy. In the 
old method it was sometimes considered necessary 


to flask the core iron for this job, but oil sand 
bakes so hard that fairly light irons can be used. 
The box consists of four sides. Black sand is 
rammed in and strickled off so as to form a rest 
for the core while it is drying, and also to form 
the under side of the core. The core is then 
rammed up, strickled off, and the box loosened off. 
The whole core box could almost be cut out on the 
band saw, and costs very little, although previously 
similar cores were rammed up in a full core pox 
which cost three times as much to make. 

If one can get the pattern-maker interested in 
this style of making core boxes, it wiil be found 
that both pattern-maker and foundryman will be 
gainers, and that they will have the satisfaction 
of really helping one another to save money. Un- 
fortunately, if co-operation is lacking, it is some- 
times impossible for the moulder to take advantage 
of this method of making cores, but if all pattern- 
makers could be made to realise that they might 
cut their core box costs at least in half, it would 
not be long before oil-bonded cores would become 
almost universal. 

This subject of oil sand has been introduced 
because it is a particularly clear case of the bene- 
fit which accrues to both moulder and pattern- 
maker through close co-operation. It would sim- 
plify matters a great deal if every pattern shop 
were part of a foundry or vice versa, and that. 
foundrymen could supervise the making of the 
patterns that they were to use, but unfortunately 
this state of affairs is utopian, and not likely to 


be realised. 
DISCUSSION. 

Mr. Arrteck (Chairman), in opening the discus- 
sion, said that in the course of his engineering 
career he had heard a great deal spoken about 
co-operation between the pattern-shop and the 
foundry. It must be realised, however, that in 
the case of foundries working on patterns supplied 
by other firms, the matter was one of great diffi- 
culty. In the material he had read, and in the 
addresses he had heard delivered, he had never 
really found any practical suggestions to bring 
about the desired co-operation. The difficulty was 
certainly very great in foundries supplied with 
patterns, but in the case of foundries directly con- 
nected with pattern-shops he could not see that 
there should be the same difficulty in co-operation. 
His experience in the control of very large 
foundries, pattern-shops and drawing offices had 
been that the draughtsman seemed to have the 
ideal of making a drawing, the pattern-maker the 
ideal of making a pattern, and the moulder the 
ideal of making a mould. Nobody seemed to have 
the ideal of making a casting. The moulder went 
into refinement of touching up the mould, but he 
did not seem much interested in the mould after 
the metal had been put into it. He (the Chair- 
man) thought it would be better to bring in an 
intermediary—someone in the capacity of a liaison 
officer—between the three departments. It might 
be better to put an engineer into a job of that 
kind, and train him in foundry practice, put him 
in close touch with pattern-making and with the 
foundry, and give him an adequate staff to allow 
him to regulate co-operation between the different 
departments. The first step to be taken would 
be to make arrangements with the drawing office 
that all new designs should be submitted to the 
foundry manager. That was a point which he 
considered very important, and the foundry 
manager should have full control of the pattern- 
shop. He looked on the pattern-shop as a depart- 
ment making tools for the foundry. 

The foundry manager, in turn, discussed the 
designs with the foundry foreman concerned and 
with the pattern-maker. The method of moulding 
was then decided on and the actual moulding 
scheme was drawn down. This involved con- 
sideration of the whole scheme, even to the making 
of the moulding boxes. When the methods were 
decided, the moulding scheme was placed before 
the foreman pattern-maker, and he instructed his 
pattern-maker accordingly. The moulding scheme 
was developed, and if the job was cut very keenly, 
the making of the pattern was developed, and much 
saving in timber might be effected, because one 
man might use a great deal more timber than 
another. It was found that by this method of 
developing the moulding scheme they first of all 
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made contact with the drawing office, and found 
that the drawing office got interested in the design. 

They divided cost roughly into three classes :— 
(1) The mass production basis; (2) the semi-mass 
production basis; and (3) purely jobbing costs. 
Each case was stated on its merits. For mass 
production they were prepared to incur consider- 
able expense in the making of the casting, but at 
the other end they gave the pattern-maker full 
rope. By these methods they discovered that in 
a short time they got all standard work, what 
might be termed semi-mass production, on a very 
good basis, and obtained a very considerable re- 
duction in the cost of the castings. The depart- 
ment, he might add, had at the start something 
like seven or eight draughtsmen for a considerable 
time, but that number dwindled down gradually 
as the standard work had been developed, until 
there were only two. 

Mr. A. G, Rerp said there was always some diffi- 
culty in associating the ideas of the draughtsman, 
the pattern-maker and the moulder. When the 
draughtsman had designed a structure that would 
satisfy the conditions imposed, the next thing that 
had to be taken into account was the machines 
he had at his hand. A particular bracket, for in- 
stance, might be put on with bolts, but one was 
apt to forget sometimes how much that bracket 
would have saved in the machine shop. That par- 
ticular casting might have to be transferred to 
another part of the shop and occupy the time 
of a very large machin» to plane the surface for 
the fitting of the bracket. It might seem rather 
strange that he should be defending the draughts- 
man, but he had had experience of both depart- 
ments. They sometimes thought that considera- 
tion of foundry work finished after the casting 
had been made, but even after the metal was in 
the mould the dresser sometimes had a great deal 
of trouble. No doubt co-operation between the 
foundry and the pattern-shop was very desirable, 
but at the same time they were up against a great 
deal of prejudice. 


Case of the Jobbing Foundries. 

Mr. Tomas Bett said he was very much of the 
opinion that co-operation as it was applied in 
the meantime would be of very little assistance in 
the general jobbing shops. He quite saw it had 
made great strides in repetition work. As it was 
carried out there, there was nothing finer, and 
for his part he did not see how they could pro- 
duce castings without some co-operation, but when 
they came to heavier work, there was a consider- 
able difference. 


Mr, Carters said this subject was one of very 
common comment. Perhaps it would be a good 
thing if the Institute could invite draughtsmen to 
see one of the latest moulding machines and see 
how it was able to shake the sand into the corners. 
He thought that in their trade there was a de- 
ficiency in the education of the apprentices. At 
present most of the appointments, especially those 
at the head, are given to draughtsmen, because 
they are considered to know drawings better than 
moulders. He did not regard that as in every 
case to be correct. In many cases, however, the 
moulders were deficient in the reading of plans. 


THe CHAIRMAN said the last speaker had raised 
some very interesting points, especially with re- 
gard to the moulders reading drawings. The 
Institute had endeavoured to tackle this problem 
by organising classes for apprentice moulders 
during work hours. These were carried on under 
the direction of Mr. McGowan, but they had found 
considerable difficulty in getting the boys to attend 
the classes, even the classes devoted to foundry 
practice, including dry sand, green sand, and so 
on, things in which one would have thought the 
boys would be interested. It might be said that 
that was due to the class of boy, but they had tried 
to raise the class of boy, and they found they could 
not get the right type. It seemed to him that if 
they could get the foundry lifted out of its bad 
reputation, they would get the right type of boy. 
This was a problem that awaited them, and the 
gentleman’s suggestion that the Institute should 
take the matter up was a very good one, but there 
were difficulties in the way. 

A vote of thanks was given to Mr. Hodgart for 
his Paper. 


FORMATION OF THE SOUTH WALES AND 
MONMOUTH BRANCH. 

A second propaganda meeting was held at 
Cardiff Technical College, Cathays Park, on 
March 1. A former meeting was somewhat spoilt 
by the railway strike. On this occasion Mr. 
Oliver Stubbs, the President of the Institute, was 
present and took the chair. 

In his opening remarks the Presment referred 
to the excellent work of the late Mr, Charles 
Jones, a past-President of the Institute. Mr. 
Jones, who was a local foundry owner, did much 
to create enthusiasm for the technical side of 
foundry work. There was ample local material 
for the formation of a successful Branch. The 
names of Mr. J. Ellis, a past-President, Mr. J. J. 
McClelland, who has done so much spade work 
during the last few months, Messrs. Taylor, 
Clements and Herd were in themselves sufficient 
guarantee. The formation of a Branch provided 
an opportunity of local foundrymen meeting and 
discussing everyday troubles, both practical and 
technical. During the last few years it had 
been his privilege to travel extensively, and he 
had visited the American Foundrymen’s Associa- 
tion, making an extensive tour of the large cities 
and towns in the United States. The result of 
this was the organisation of international 
foundry congresses, the first of which was held 
in Paris last year. About 120 British, 40 Ameri- 
eans, 80 or 90 Spanish, and numerous Belgians. 
Italians, Swiss, Czecho-Slovakians, and Scandi- 
navians took part, in addition to which about 
1,000 French signed the register. An endeavour 
was being made to adopt an international speci- 
fication for grey cast iron. An effort was also 
being made to induce the blast-furnace people to 
sell their products to the foundries on an 
analytical basis. 

The Institute admits of three classes of indi- 
vidual membership—members, associate members, 
and associates, and in addition there is a mem- 
bership for firms, who are called upon to sub- 
scribe £5 5s. annually. Firms coming forward 
in this way help to ensure for the trade gener- 
ally a more intelligent and enthusiastic staff. 

There should be no difficulty in forming a 
branch in South Wales, and he would feel very 
gratified if, when he retired from office in June, 
he had been able to see the formation of two new 
branches. One, the West Riding of Yorkshire, 
was already firmly established. He had also hopes 
of seeing a new branch started in Middlesbrough. 

The annual Convention was this year to be held 
in Newcastle in June, and he hoped that by that 
time the South Wales Branch would be in a 
position to send a large contingent. The Con- 
ference, to which ladies were to be invited, should 
be of special, interest to South Wales. as the 
type of work carried out locally was of a closely 
allied character to that practised on Tyneside. 

After dealing with the publication of the Pro- 
ceedings, the President read a letter of regret at 
absence from Mr. F. Holberry, of Wlanelly, a 
past-President of the Birmingham Branch. 


South Wales and Monmouth Branch Formed. 


After some little discussion, it was proposed 
by Mr. Galletly, and seconded by Mr. Taylor. 
that ‘‘A branch of the Institute of British 
Foundrymen, to be known as the South Wales anv 
Monmouth Branch, be formed, and that at a 
meeting to be held on March 15 the election of 
officers will be effected.” Mr. Stubbs then put 
this resolution to the meeting, which was carried 
unanimously. Hea then expressed his gratitude 
at being present at the inauguration of the 
Branch, and congratulated Mr. McClelland on 
his successful start. He then called on Mr. 
Haines to open a discussion on “ The Scientific 
Side of Foundry Practice.” 


Discussion on Foundry Work. 

Mr. Harnes, in the course of his address, dealt 
first with the unemployment problem, with special 
reference to the future; ancient foundry work 
and co-operation between the designer, pattern- 
maker, and moulder. Afterwards he touched 


upon cupola design, sands, core-making, mould- 
ing, and methods of charging. 

Mr. Srvsss, enlarging on the question of 
co-operation, said this was a problem which could 
be materially simplified by the placing of the 
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foundrymen’s point of view before the public 
through the meetings of the Institute. The 
Government recognised the importance of co-opera- 
tion during the war, when they called in four 
foundrymen to help them with the design and 
manufacture of tank cylinders, which as a result 
were cast in green sand. 

Dealing with the apprenticeship question, Mr. 
Srunss said that many employers did not make 
their foundries sufficiently attractive for the boys. 
In foundries where modern lavatories were pro- 
vided, they were not used unless working hours 
were reduced for this purpose, but if some 
moulders were not prepared to keep themselves 
tidy in their own time, there was no reason why 
apprentices should follow their bad example. 

The discussion was taken up by Messrs, Taylor 
(Briton Ferry), B. Herd, Gould, Galletly, and 
Alderman Clements, of the Welfare Society, 


Llanelly. 
Vote of Thanks. 


Proposing a vote of thanks to the Chairman, 
Mr. J. Enis reminded the audience that Mr. 
Stubbs had been instrumental in procuring for 
the Institute the Oliver Stubbs Gold Medal, 
which was presented annually to a member who 
had, in the opinion of the Council, done meri- 
torious work for the industry as a whole and to 
the Institute in particular. He coupled with the 
proposition the name of Mr. Haines. It was 
seconded by Mr. Taylor and put to the meeting 
by Mr. J. McClelland. 

This was heartily accorded and responded to 
by Mr. Harnes, and the meeting was adjourned. 


NEWCASTLE BRANCH.-—Junior Section. 


At the February meeting Mr. C. W. H. Holmes, 
B.Met., gave a very interesting talk on pig-iron, 
Mr. H. F. Clements (President of the Junior Sec- 
tion) occupying the chair 

Mr. Holmes, in the course of his remarks, said 
Cleveland iron was very largely used in this 
country and made fairly satisfactory castings. 
The Derbyshire, Northamptonshire, and Lincoln- 
shire irons were the bread and butter of the Mid- 
land districts. They resemkied Cleveland iron 
except for a higher manganese-content. Stafford- 
shire pig-iron embraced some of the commonest 
and some of the most expensive varieties, and 
their special foundry irons were excellent. 

Scotch iron was popular because it makes good 
castings, and, being a soft iron, it carried a lot 
of scrap, but the aspect to consider was whether 
it was profitable to use such expensive iron. 
Hematites were not ideal from the foundryman’s 
point of view because they were made to steel 
works’ specifications. 

All these pig-irons contained a certain per- 
centage of what is termed “ impurities,’’ which 
used to be looked upon as great inconveniences, 
and an iron was frequently described as ‘‘ bad” 
simply because it was not suited to the purpose 
for which it had been used. Now, however, it is 
known that these so-called impurities all meant 
something. 

There were people who believed that a general 
analysis of the iron would tell them everything. 
Much could be learnt from an analysis but not 
all, as was proved by the fact that an iron with 
quite a good composition sometimes did not give 
the best results in practice. 

When smelting iron ore, it was a recognised fact 
that all the phosphorus in the ore and coke would 
enter the pig-iron. It was impossible, therefore, 
to make a low-phosphorus pig-iron from Cleve. 
land ore. 

To a certain extent the manganese was con- 
trolled by the temperature of the furnace and by 
the basicity of the slag, but the amount of phos. 
phorus in pig-iron could not be controlled. 

The factors that varied most in blast-furnace 
iron were sulphur and silicon. Although insuffi- 
cient importance might be attached to these in 
the foundry, they were taken very seriously by 
the blast-furnace people, to whom they were a 
guide as to how the furnace was working and as 
to what complaints were likely to come from the 
customer. ‘ 

Limestone was put into the blast furnace for 
several reasons, the first being in order to make 


a slag which controlled the sulphur in the iron. 
The majority of the sulphur was brought in by 
the coke, which contained about 1.5 per cent., 
but a small percentage also came in from the ore 
and the limestone. This high sulphur-content 
must be removed because it makes the iron white 
and, consequently, useless for foundry practice. 
In order to do this a lime slag was used, the lime 
combining with the sulphur and forming calcium 
sulphide, but the temperature must be kept suffi- 
ciently high to melt the slag. 

Discussion. 

In answer to the discussion, the lecturer said 
that it was generally some kind of trouble in the 
furnace which caused an iron with a fairly good 
composition to fail in the foundry. 

With regard to the question as to whether the 
use of Scotch iron was an economical proposition 
because of the fact that it carried a _ certain 
amount of scrap, the lecturer said that it 
depended upon the quality of the scrap, the type 
of castings made, and the situation of the foundry. 

He thought that it was inadvisable to chill iron 
by spraying with water, as this would probably 
result in a close-grained iron which could not 
command such a high price as an iron with an 
open grain. 

A vote of thanks to the lecturer was proposed 
by Mr. E. J. Rang, seconded by Mr. J. E. O. 
Little, and heartily responded to by all present. 


A 10-Ton Pipe Casting. 


(From a CoRRESPONDENT.) 

The photograph shows a portion of a pipe- 
casting job that is at present being undertaken 
by Messrs. Glenfield & Kennedy, Limited, of Kil- 
marnock, for the Bradford Corporation in connec- 
tion with the Scar House Reservoir, Nidd Valley 
extensions. The cast-iron pipe in question is 
12 ft. external diameter, and will constitute the 
discharge from the bottom of the reservoir draw- 
off tower (150 ft. high), passing through an 
embankment to the reservoir itself. This monster 
cast-iron pipe, the diameter over the flanges 
being 14 ft., will be 96 ft. long and of a total 
weignt of 160 tons, and is being cast by Messrs. 


A Pree Castinc For Braprorp 


Glenfield & Kennedy, in 16 sections, each of 
which is 6 ft. long and weighs 10 tons, the 
photograph showing one of these sections. 

It will give an indication of the dimensions of 
the work when it is stated that the motor-car 
shown is a standard 24-h.p. Daimler limousine. 
Work of this character, including the lifting of 
such a casting together with the weighing, 
fettling, machining of flanges, drilling, testing 
and painting, will give some idea of the resources 
of Messrs. Glenfield & Kennedy’s foundries, 
which have a floor space of 87,000 sq. ft. and a 
weekly melt of 400 tons, with equipment includ- 
ing the necessary heavy cranes and gear to handle 
the very largest castings made. The transport 
of castings of these dimensions is, of course, 
another problem of some magnitude, and in this 
case special] arrangements have to be made. 
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Trade Talk. 


vecrrican ENGINEERING Company have 
commenced business at Chapel Lane, Falkirk. 

MetaL anD Iron Company, Limirep, have removed 
to Salisbury House. London Wall, London, E.C.2. 

Davey, Paxman & Company, Liuitep, have removed 
their London office from Central House, Kingsway, to 
Aldwych House, Aldwych, London, W.C.2. 

H. H. Rieser & Company, Norwich House, South 
ampton Street, London, W.C.1, have been appointed 
iwents for ferro-silicon for Norse Electro-Chemical 
Works. 

Harris, Saver & Company, 21, Chiswell Street. 
London, E.C.1, have reopened their home metal 
department. under the management of Mr. T. A. 
Batten. 

Tue Natat Navication have placed an 
order with Beyer, Peacock & Company, Limited, 
Gorton Foundry, Manchester, for a Garratt loco- 
motive. 

Fieminc, Brresy & Liuirep, belting and 
electrical fittings manufacturers, of West Grove Mill. 
Halifax, will in future trade under the style oi 
* Birkbys.”’ 

Pouparp & Capri. iron and steel merchants, 39. 
Victoria Street, London, S.W.1, have been appointed 
agents for 8S. A. des Forges de Leval-Aulnoye, of 
Aulnoye, Nord, France. 

Tue ENGINEERING Company’s tender 
for pumps and motors for the Metropolitan Water 
Board (Lea Bridge pumping station) has been recom- 
mended for acceptance. 

Mr. H. C. Amos, 22, Martin Lane, Cannon Street, 
London, E.C.4, has been appointed London and dis- 
trict mepresentative for Wright Motors, Limited, 
Century Works, Halifax. 

NasmytH, Witson & Company, Luwitep, Patricroft 
Foundry, Manchester, have an order from the Great 
Northern Railway of Ireland for five tender locomo- 
tives, fitted with Robinson superheaters. 

THe Research AND DEVELOPMENT Company, 
LimiTep, the E. L. Syndicate, Limited, Autocutters, 
Limited, Mr. Alfred Hurter, and Mr. H. R. Summers 
(late B.E.A.) have removed to 27, Soho Square. 
Lendon., W.1. 


Company News. 

Mirrlees, Watson Company, Limited.—Dividen|, 
10 per cent., less tax, for year. 

Manganese Bronze and Brass Company, Limited.— 
Preference dividend will not be paid. 

Austral Metals, Limited, 27, Old Broad Street, Lon 
don, E.C.—Capital £50,000 in £1 shares. 

The Mint, Birmingham, Limited.—Final dividend. 
6 per cent. per annum, less tax, on preference shares. 

Walker Morley, Limited, 30, Commercial Road. 
£5,000 in £1 shares. Lead mer 
chants. 

John C. Parkes & Sons, Limited.—Ordinary divi 
dend, 6 per cent. per annum; brought forward, £3,641 ; 
carry forward, £3,010. 

Rivet, Bolt and Nut Company, Limited.—Dividend. 
6 per cent., and bonus 2 per cent., both less tax, on 
ordinary shares for year. 

Steels, Bolts & Rivets, Limited, 186, Wolverhamp 
ton Street, Dudley, Worcester.—Capital, £1,000 in 
£1 shares. Director: H. B. Shaw. 

Wallsend Slipway and Engineering Company, 
Limited.—Final dividend, 45 per cent. on ordinary 
shares, making 75 per cent., free of tax, for year. 

Listenola, Limited.—Capital £100 in £1 shares. 
Engineers. Directors: R. W. Tarr, Hazeldine, New- 
ton Road, Mumbles, near Swansea; and Mrs. R. Tarr. 

John M. Henderson & Company, Limited, King’s 
Works, King Street, Aberdeen.—Capital £60,000 in 
£1 shares. Mechanical and contracting engineers, 
etc. 

Clarke, Chapman & Company, Limited.—Dividend, 
2) per cent. on ordinary for half-year, making 5 per 
cent. for year; depreciation, £15,221; carried forward, 
£3,428. 

Weeden’s Welding Works, Limited, 416, The Arches, 
Burdett Road, London, E.3.—Capital £100 in £1 
shares. Directors: 8S. Weeden and Mrs. C. W. 
Spencer. 

British Metal Corporation, Limited.—Net profit, 
£179,528; brought forward, £14,010; reserve, £100,000; 
dividend, 8 per cent., less tax; carried forward, 
£15,058. 

A. G. Wilss, Limited, 2, Creechurch Lane, London, 
£.C.—Capital £2,000. Iron and steel merchants, etc. 
A. G. Wilss is permanent governing director and 
chairman. 

Blair Patents, Limited, he Squares, Mill Lane, 
Woodford Green.—Capital £1,600 in £1 shares. 
Engineers, etc. Directors: T. Phillips, G. T. Phillips 
and F. R. Tozer. 


FAN 


for every purpose 
for which a Fan 


can be used 


CENTRIFUGAL FANS 


VENTILATING 
Every Class of Building. 


MECHANICAL BOILER 


DRAUGHT, 
Induced Draught—Forced Draught. 


HIGH PRESSURE BLAST 


for Cupolas, Forge Fires, Furnaces, etc. 


DUST REMOVAL 


to deal with every description of Dust. 


FUME REMOVAL, 
STEAM REMOVAL, 
DRYING AND COOLING, 
MINE VENTILATION, 


Main Ventilation—Auxiliary Ventilation— 
Pit Sinking. 


Particulars on request :— 


DAVIDSON & CO., Ltd. 


Sirocco Engineering Works, 


BELFAST. 
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IRON AND STEEL MARKETS. 


Pig-iron. 

MIDDLESBROUGH. Notwithstanding the further 
fall in values recorded at last week’s Cleveland iron 
market, a more hopeful view is expressed in Tees-side 
trade circles that the worst has now been experienced, 
and that for the present, at all events, a point of 
stability has been approached. It may at least be 
claimed that recent price movements have had the 
advantageous effect of inducing rather freer buying 
on the part of home consumers than has lately been 
experienced, and as early deliveries of iron from the 
Continent cannot now be guaranteed, foreign com- 
vetition for the moment is much less active. As a 
matter of fact, if reports are quite reliable, Be!gian 
and French makers are just now in a difficult position, 
with order books so full that they are declining to 
accept fresh business. Consequently home consumers, 
and especially those in Scotland, many of whom have 
pursued a waiting policy, have become pretty bare of 
stocks, and are now coming inte the market for 
supplies. Hence, not on!y is it probable that bedrock 
has been touched, but it is not unlikely that the next 
week or two may see a stiffening in values. The 
quotation for the standard No. 3 quality this week 
was not more than 92s. 6d., and this was not surprising 
in view of the fact that some days previously a very 
big parcel had been done for considerably less. No. 1 
was offering at about 95s. No. 4 foundry at 
90s. 6d., and No. 4 forge 90s. 6d. per ton. 

The weakness previously noted in the market for 
hematite continues, and makers are now expressing 
willingness to make concessions in values in order 
to stimulate business. Thus, although some makers 
are still holding out for 101s. per ton for East Coast 
mixed numbers, this quality can now be bought 
without difficulty at 100s. per ton. The No. 1 quality 
stands at a premium of 6d. to 1s. per ton. Quotations 
for West Coast Bessemer mixed numbers are about 
112s. 6d. to 115s. delivered Sheffield/Glasgow, and 
120s. per ton delivered Birmingham. 


MANCHESTER.—Further weakness has developed 
in the local foundry iron market, and demand remains 
far from satisfactory in volume. Makers of Derby- 
shire No. 3 quality are still, however, holding out for 
102s. 6d. per ton, delivered local, and in the circum- 
stances it is clear that Lancashire foundrymen wil! 
keep ott of the pig-iron market as long as they can. 
Seotch pig-iron also seems to be a little easier than 
it was, and probably business could be done here, 
even in the best brands at 118s., or say, 15s. per ton 
above the price of common iron. 


THE MIDLANDS.—Conditions in the South 
Staffordshire area as regards pig-iron suggest very 
little improvement on previous reports, the demand 
continuing quiet, a position unlikely to undergo altera- 
tion until the end of the current quarter. There has 
been no change in the price of foundry numbers from 
the Midland and Derbyshire makers, but with the 
heavy decline in quotations for Cleveland iron the 
Derbyshire furnaces will find it difficult to sell in 
Lancs. and Yorkshire at the present figures, and 
will, therefore, have to find an outlet for greater 
quantities in the Mid!ands. 


SCOTLAND.—There has been no tangible improve 
ment in the market for foundry pig in this area, 
prices remaining. however, unchanged at 101s. f.o.t. 
furnace, with only a slow demand. It is understood 
that a further reduction in the make is being con- 
sidered, but there is nothing definite to report in this 
respect. No. 3 Middlesbrough is quoted at 99s. 6d. 
per ton f.o.t. Grahamston, but very little buying is 
being done. Buyers are still tempted to buy Con- 
tinenta] iron owing to the disparity in price as com- 
pared with home irons. 


Finished Iron. 


In this section of the industry the improvement 
recently noted is fairly well maintained, and specifica- 
tions for fresh business are still being received. In- 
creased orders for nut and bolt iron have been placed 
with South Staffs makers who are benefiting a little 
by the fact that deliveries of Continental iron, placed 
at much lower figures, are very spasmodic. Many 
orders for this class of iron placed abroad are months 
overdue. The local iron is obtainable at £11 15s., 
delivered, as compared with the foreign figure of 
£8 15s., for delivery in 8/12 weeks. Makers of 
marked bars are quite well off for orders, and the 
price is steady at £14 10s. per ton, f.o.t. No 
change has taken place in crown iron, which is still 


£12 10s., delivered this area. 


Steel. 


New business in the steel industry continues in- 
active, the competition of cheap foreign material 
keenly affecting makers of semi-products especially, 
while transactions on forward account are neglected. 
The quotation for soft billets remains at £8, though 
assertions are made by buyers that this price can 
now be slightly shaded. In the market for alloys 
supplies of silico-manganese and ferro-phosphorus have 
proved to be very short, and it is difficult to obtain 
prompt deliveries as usual. Prices have increased for 
both these alloys, with no prospects of early deliveries. 
The inquiry for tinplates has been better of late, and 
a very fair proportion of business has resulted. The 
continued rise in tin has, no doubt, caused many 
buyers to cover their requirements. There are prac- 
tically no cheap lots obtainable; 24s. 6d. has been 
freely paid, and most works are now asking more 
money, although the official minimum selling price 
stands at 23s. 6d. 

Scrap. 

The position in the scrap metal trade has under- 
gone very little change during the past week as 
regards denmd for foundry purposes, and in Lan- 
cashire at present a!l that can be got for fine broken 
machinery scrap is 90s. per ton delivered. For com 
mon cast-scrap very much less than this has to be 
taken; and even so dealers cannot get rid of very 
much. A _ revival in the foundry trade would, of 
course, soon make a difference, but at present, iron- 
founders do not admit. that this is in sight. In York- 
shire there is every indication that the market for 
heavy steel scrap has touched bottom and will now 
improve. Several more basic steel furnaces have been 
put into operation within the last fortnight, and in 
consequence there is a better demand for scrap. 
Sales are reported at 90s., but the general price 1s 
now 92s. 6d. delivered works, which, by the way, is 
still about 7s. 6d. lower than the January figure. At 
Glasgow, there is practically no change in machinery 
cast-iron scrap at 97s. 6d. per ton, and small quan- 
tities have changed hands at this figure. Ordinary 
cast for foundries is 91s. to 92s. 6d., and steel works 
cast at 87s. 6d. per ton. The above prices are all 
delivered f.0.t. consumers’ works. 


Metals. 

Copper.—Values of standard copper maintain the 
strength recently reported, a more favourable ont- 
look being entertained as a consequence of the decision 
of Amrican smelters to curtail production at the 
mines. This movement has encouraged active specu- 
lative buying on this side, while the Continent is also 
absorbing larger quantities, and the home consumptive 
demand is steadily maintained. Current quotations :— 
Cash : Thursday, £66 17s. 6d. ; Friday, £68: Monday, 
£68 5s.; Tuesday, £68 2s. 6d.; Wednesday, 
£68 12s. 6d. Three Months: Thursday, £67 15s. : 
Fridav, £68 17s. 6d.; Monday, £69 2s. 6d.; Tuesday, 
£69 10s.; Wednesday, £69. 

Tin.—The recently-issued statistics for February 
have had a further strengthening effect upon tin values, 
quotations for cash last week soaring well above the 
£290 figure. American advices indicate that con- 
suming industries over there are operating at around 
capacity, which certainly seems to foreshadow con- 
tinued heavy consumption of tin throughout 1924. 
Transatlantic consumers are at the moment, however. 
apparently a little dubious about supporting the mar- 
ket at the higher leve's, particularly as they have 
covered themselves fairly extensively during recent 
weeks. Current quotations :—Cash : Thursday, £293 : 
Friday, £292 5s.; Monday, £292 15s.; Tuesday, 
£296 10s.; Wednesday, £297 10s. Three Months : 
Thursday, £292: Friday, £291 15s.: Monday, £292: 
Tuesday, £295 15s.; Wednesday, £296 15s. 

Spelter.— Although consumptive demand for this 
metal has been somewhat restricted in volume, values 
of spelter continue to improve, while owing to sales 
of American imports, initiated recently, the parity 
has again widened, and to this fact. may be attributed 
the strength of quotations here. It is reported that 
galvanisers are not we'l covered and this fact, coupled 
with restricted offering on the part of producers, serves 
to enhance the firm undertone of the market. Current 
quotations :—Ordinary : Thursday, £36 2s.  6d.: 
Friday, £36: Monday, £35 15s.: Tuesday, 
£35 188. 9d. ; Wednesday, £36 13s. 9d. 

Lead.—The market for soft foreign pig continues 
strong, with values now at a higher figure than epelter, 
due to the secure statistical position of the metal. 
Current quotations :—Soft foreign (prompt) : Thurs- 
day, £39 7s. 6d.; Friday, £39 12s. 6d.; Monday, 
£39 5s.: Tuesday, £39 5s.: Wednesday, £39 7s. 6d. 
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